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1 Executive Summary
1.1 The Purpose of the Project
The purpose of this project is to:

e Investigate concerns about the accuracy and consistency of the current test.

e Identify the causes of the high, and increasing, fail rate for headlamp aim.

e Investigate the suitability of the current equipment and test method for modern
complex headlamp designs.

e Validate the 2004 Headlamp Aim Report.

1.2 History

Early in 2006 a key recommendation of the 2004 headlamp report was implemented by
the replacement of the existing headlamp aim equipment with the current LET PLA 20
machine. Despite the introduction of robust and accurate new test equipment the fail
rate continued to remain high. Complaints were received from Operators and
Presenters about the repeatability of the results from the new equipment and VOSA
agreed to carry out a further comprehensive study into the factors that contribute to the
inconsistency and variability of headlamp aim testing.

1.3 Key Findings
1.3.1 Internet Research and Current Legislation

e The research reviewed for the purpose of this study confirmed that the current
upper vertical standards are appropriate and effective in reducing glare to
oncoming drivers. The Type Approval and Road Vehicle Lighting legislation
provide the standards for the initial set-up of headlamps for vehicles. There are
limitations to these standards in so far as they do not reflect ‘in service’ vehicle
conditions.

¢ In the data for ‘Road Casualties Great Britain’ ‘dazzling headlamps’ feature at
zero percent as a contributory factor to all road casualty accidents.

e For headlamps less than 850mm high, changing the lower vertical limit to -3.25%
would lower the midway point between the upper and lower limits to -1.87%
inclination. This further reduces the risk of dazzle yet retains sufficient forward
road illumination to provide adequate stopping distance.

1.3.2 Electronic Assessment Accuracy versus Visual Assessment Accuracy

e The results show that visual assessment of the image position is too inaccurate
for a consistent test result to be achieved to the current standards. It is less
accurate in the case of the horizontal standard as the actual position of the
break-point is difficult to determine.

e The results show that adopting electronic assessment would result in a three fold
improvement in consistency.
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1.3.3 Internal Statistical Data Collection and Revalidation of ‘Allsopp’ Statistics
Report 2002

Allsopp statistics correlate well with today’s study and if the European
headlamp type approval regulations were applied to this sample, the average
failure rate would reduce from 34.54% to 22.32% (12.22% reduction).

1.3.4 Assessment of the Luminoscope® PLA 20

e The new headlamp tester is entirely suitable for VOSA’s purpose for visual
assessment.

e The electronic features of the PLA 20 can be re-programmed for future testing
requirements. They provide a means of finding the centre of modern complex
headlights that cannot be identified visually.

e The mirror alignment method is not as accurate as the LASER.

e The electronic test does not meet perfectly UK’s test specification (which differs
from the rest of Europe).

1.3.5 PLA 20 Alignment Trials

e This element of the study looked at the equipment to vehicle alignment and
revealed that the standard mirror alignment method was less accurate that the
laser method (available as an enhancement)

Note: Accurate vehicle to equipment alignment will become less relevant should the
recommendation of this report be adopted with regard to horizontal left standard
removal.

1.3.6 Headlamp Bulb Quality Trials

e Due to the poor quality of bulbs on the market replacement of a bulb will
frequently result in a headlamp being mis-aligned. The need to re-align
headlamp aim following bulb replacement is something that the Industry needs
adopt in all cases.

1.3.7 In-service Repeatability Trials

e Two bus companies participated in trials where correctly aligned headlamps

were re-measured over time and the vehicles remained in tolerance despite
minor variations in the results.

1.4 Other Results
1.4.1 Rails and Floors

e During the study 3 sites were surveyed and it was found that the levels were not
within tolerance however, even in the worst case the effect was no greater than
0.3% variation to the headlamp aim in vertical inclination.
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1.4.2 Incorrect Floor Markings
During the study at some locations it was reported that the vehicle to equipment

proximity markings were incorrect and it is recommended that a more extensive
survey be carried out

1.4.3 Type of Vehicle under Test

Cab mounted headlamps and air suspension systems on vehicles can affect
headlamp aim repeatability. Vehicle loading conditions can have a similar effect.
For test results to be consistent the test standard has to be sufficiently broad to
allow for this.

1.4.4 The Use of the In-cab Headlamp Adjuster to Pass Annual Test

Currently there is an inconsistent approach in relation to in-cab adjusters for
different vehicle classes. This needs to be corrected so that there is a single
approach.

1.4.5 Understanding the Effects of incorrectly positioned in-cab adjusters

If headlights are set-up with the in-cab adjuster in the incorrect position then
dazzle and glare can be caused by the driver moving the adjuster.

1.4.6 Level of Training in the Industry

The level of understanding of headlamp aim within the Industry was identified as
inadequate and should be addressed through training.

1.4.7 The Category A and B Descriptor

Since 1998 all vehicles have in-cab adjusters and therefore fall within Category
‘A’. Category ‘A’ vehicles forms 88.5% of the national fleet.

Having two categories is an unnecessary complication that is a barrier to
achieving a consistent test result.

1.4.8 Changes to the LET PLA 20 User Manual

Currently the LET DVD and User Manual describe the procedure appropriate for
the European test standards and is incorrect for the G.B. test. This needs to be
aligned with the future test standards.

1.4.9 Calibration

An alternative means of calibration is available to that being used by VOSA'’s
service agents. This should be investigated to establish if there are any accuracy
benefits in changing to this method.

1.4.10 Cost of Compliance

The cost of compliance paid by customer’s ranges between £4.80 for one
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headlamp check per year per vehicle, to £52.80 for 11 checks per year for one
vehicle. The retail costs on the same basis range from £14.00 to £92.40.

e Estimated minimum cost to G.B. is £7 million based upon one vehicle check per
year assuming retail costs.

e Estimated savings by implementation of revised standards are approximately
£1.75 million based upon the estimated reduction in number of fails and pass
after rectification at station.

1.5 Key Recommendations

e Relax the test standard by removal of the left 2% horizontal standard.

e Simplify the test standard by removal of the two categories replacing them with a
single category using the lower vertical limits of the former Category ‘B’ vehicle
standards.

e Introduce electronic assessment.

1.6 Other Recommendations
e To ensure all floor markings comply with LET PLA 20 instructions

e A cost benefit analysis be considered for adoption of laser alignment

e Removal of the OCRS point weighting to headlamp aim fails until VOSA is
satisfied that the current issues are addressed

VOSA — June 2008
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Summary of the Proposal for Test Standard Change

Horizontal standard

Remove the 2% Left Horizontal Standard

Vertical standard

(Headlamps up to 850mm high) UPPER LIMIT 0.5%; LOWER LIMIT 3.25%
(Headlamps over 850mm high) UPPER LIMIT 1.25%; LOWER LIMIT 4.0%

Factors affecting the repeatability of headlamp Aim test results

¢ Visual Assessment mean inaccuracy up/down assessment: 3.6cm in 10m
(0.36%)

e Electronic Assessment mean inaccuracy up/down assessment: 1.2cm in
10m (0.12%)

e A 5mm increase in corner suspension height corresponded to an increase
in headlamp inclination of 0.75%.

e Tier 1 rail tolerance allows + 2mm and this tolerance applied to the rear rail
has an effect of up to 0.04% inclination on a 5m wheel base vehicle.

e Tier 1 floor tolerance allows + 6mm and this tolerance applied to the floor
levels has an effect of up to 0.12% inclination on a 5m wheel base vehicle.

e ECE 48 (Annex 6) states that loading conditions can have an effect of up to
0.4% inclination under laboratory conditions. For test results to be
consistent the test standard has to be sufficiently broad to allow for this.

The cumulative effect of the above tolerances that are outside the control of the
operator is at worst 2.51%. Even diligent operators that set headlamps midway between
upper and lower limits using accurate test equipment can have little confidence of
achieving a pass when tested by VOSA.

The simultaneous introduction of electronic testing and standard changes mean that
when operators set headlamps midway between the upper and lower limits the
confidence of achieving a pass, given the variability shown above are greater without
affecting road safety.

VOSA — June 2008
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2 Background

There has been a rise in the failure rate year on year for headlamp failure. The latest
rise coincided with the introduction of the new LET PLA20 headlamp aim beam
checking equipment estate wide*. The graphs below indicate the increased failure rates
along with the next four items to add context.

* Some stations received alternate PLA5 units
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What has triggered the increase? Externally the trade’s perception was one of a
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panacea that would solve the headlamp aim problem. Is there a trade problem and
have the trade made any progress to improving their presentation techniques?

Headlamp aim failure in the annual test remains an area of particular concern.
Inconsistency in test results is still a major source of complaint from GV and PSV
presenters and trade associations.

A report into Headlamp Aim at Annual Test produced by Testing Standards, Policy &
Strategy (TSPS), was circulated to VOSA Directors, TTS and the DVO policy teams in
2004. This followed a request made by the GB Governments Cabinet Office Better
Regulations Unit to investigate numerous complaints from operators on the subject of
headlamp aim. In line with the documented recommendations of that report, VOSA
invested in a new range of headlamp testing equipment for their network of Heavy
Goods Vehicle testing stations (HGVTS). The equipment was installed during the first
half of 2006.

Over recent years VOSA Effectiveness Reports have identified headlamp aim as the
primary cause of HGV & PSV test failures. Failures have increased year on year and
now stand at 23.94% for HGV’'s and 14.5% for PSV’s. This inevitably has raised
concerns in the disproportionate cost of compliance for both operators and VOSA. This
study will evaluate and make recommendations aimed at improving the cost
effectiveness of headlamp aim testing.

The Operator Compliance Risk Score is also causing some problems as this flags to
operators their score and highlights the headlamp aim problem found at annual test.
There is little appreciation by the trade in general for the safety implications that the
process of headlamp aim enforcement offers road safety.

This project will look at actions which have been taken from past surveys and projects
and confirm actions which still need to be taken and make recommendations for the
future. The high rate of headlamp aim failure at annual test has been a source of
debate, anger, criticism and concern at all levels. The problem has no one causal
connection, various studies since 1992 when the standard was changed have tried to
discover and understand the causes and offer suggestions to effect a cure. The
technological change in headlamp design has exacerbated the problems. The recent
introduction of OCRS scoring and distribution of failure stats (Appendix 11) has
highlighted the failure rate to interested customers. The failure rates are a permanent
agenda item on the Stanmore meeting and the Stanmore sub-committee The Technical
Issues Working Group (members include RHA, SMMT, FTA, and CPT) HGVTS staff
are frequently verbally abused by presenters, owners and maintenance staff who all
vent their anger when headlamp PRS is applied because they know that it has a direct
impact on their OCRS and more importantly their operator licence.

The change in 1992 added two extra limits for testing headlamps 2% to the left and a
lower tolerance; prior to the introduction, vehicles were presented with headlamps
pointing down and to the left not offering any meaningful illumination to the road ahead,
the poor alignment was so bad that in many cases no beam was visible in the
headlamp tester to check.

Improvements in preventative maintenance over the last 10 years have contributed
immensely to an improvement in this condition. Operators presenting vehicles for test
have to be conscious of the implications of lack of preparation for MOT test standards
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and the recent introduction of Operator Compliance Risk Score has now resulted in fails
that are marginally outside the current test standards.
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Other and significant actions as a result of the recommendations in the 2004 report
were taken in the form of an action plan.

The other actions to be confirmed:

Standing area levels corrected to meet DP Tier 1 standards.

VEM from the current or any future maintenance contractor.

Audit system to ensure that work carried out is to an acceptable standard
Calibration certificates reflect the condition of the headlamp test equipment.
Station Managers and Standards Officers should confirm equipment and
standing area are serviceable.

Tester training should be refreshed on standards and operation of the headlamp
aim test equipment.

Operators should present vehicles with headlamp adjusters free and accessible
to allow simple adjustment during test.

Educational material should be made available at test stations.

It is recommended that further work be carried out to fully determine the effects
of loading on the vehicle parc and associated suspension types.

Educate drivers on better utilisation of the in-cab headlamp adjusters to
accurately set headlamp aim in-use with the variable loads carried.

It is further recommended that either VOSA and/or VCA undertake work on the
issue of replacement bulbs and their reported percentage effect on headlamp
aim.

The report suggested:
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Any changes to legislation should only be considered if the recommended action points
above do not produce a significant improvement to the current situation.

The Current G.B. Market Place

Since 1992 the GV and PV market in GB has matured, manufacturers have
consolidated and rationalised and they all drive for market share. A strategic factor in
their push for leadership are Key Performance Indicators and specifically initial pass
rate at annual test. They push their own service centres extremely hard, significant
bonuses are paid in some cases for an on target performance with sanctions for those
not achieving. Local service dealers are known to discharge their mechanics if they
present vehicles which fail (3-4 vehicles). Increasingly anger and frustration occurs
between dealers and VOSA with dealers taking vehicles to more distant HGVTS for
testing as they believe there are different standards.

VOSA — June 2008
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3 Project Objectives and Structure

3.1 Objective
The study will investigate why the failure rates for trucks and buses are so consistently
high in GB Using various approaches, gather Information on operator and presenter
complaints to understand the issues
e Work with equipment supplier to investigate the electronic headlamp assessment
technology and whether a bespoke GB algorithm has been developed.
e Confirm if a reduction in failure rate occurred if EC regulations were adopted.
e Validate the 2004 report.
e Sample the VOSA estate in relation to headlamp standing areas, staff
understanding and an overall fit for purpose’ of the new equipment.
e Investigate the concerns about the accuracy and consistency and causes of the
high headlamp aim fail rate in the current test.

3.2 Project Scope

The project was scoped using the original project initiation document and work
packages were assigned. There was some agreed overlap.

3.3 Project Structure

The project gathered data and developed repeatable methodology to enable trials to be
conducted to establish if variability within our test methods and estates might cause the
high failure rate. The project used three basic methodology; research, pilot and field
trials and reports and recommendations.

3.3.1 Research

This phase will involve global research into relevant material using various International
databases and published data.

Deliverables

e Confirm the availability of recent research into headlamp aim. Dazzle, glare
e Research current legislation

3.3.2  Methodology Pilots and Field Trials

All trials requiring new or investigative actions were designed and trialled to confirm
validity, safety and pertinence

Deliverables

e Practical processes offering repeatable and consistent test results.

The field trials used the findings from the methodology pilots to test a variety of
variables to ascertain error

Deliverables
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o Accurate and dependable results confirming or disproving the claim
3.3.3 Reports and Recommendations

Collation and analyse of data gathered from all previous phases. Produce a report
suggesting options available to reduce the headlamp failure rate of GV and PV.

Deliverables
o Reports detailing the research conducted.
o Reports detailing methodology and field trials conducted.

o A report suggesting the options available to reduce headlamp failure rate
o A series of recommendations.
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4 Method and Results

Project management followed the R&D departmental project methodology.

4.1 Research Method

The review was internet-based together with leads from interested parties. Headlamp
aim glare and dazzle were all used to search for reports research and information
together with research of ECE Regulation 48 and Road Vehicle Lighting Regulations
1989.

In addition material relating to accident contributory factors and road illumination
relating to braking and stopping distances was also analysed to assess the impact of
any changes in current test standards.

Substantial material was found from the G.B. and U.S.A, however much of the research
is old, new studies promised have been dropped. There seems to be little or no direct
evidence linking headlamp aim and RTA’s directly relating to any specific class of
vehicle and most studies focused their attention on cars.

Please see Appendix 1
4.2 Results
Current Legislation

Presently GB headlamp aim is set in both the vertical and horizontal plane and
there are two pieces of legislation to support the current standards. European
Type Approval (T/A) legislation regulates construction and the Road Vehicle
Lighting Regulations 1989 (RVLR) applies to every vehicle for both
Construction and Use. The MOT is for ‘use’ and is basically a pragmatic
interpretation of the RVLR.

T/A differ from GB regulations and state differing heights for headlamps in so
far as the T/A measurement is from the lower edge of the headlamp ‘apparent’
lens whilst GB is from the centre of the lens.

The HGV Inspection Manual permits lower horizontal tolerances to be applied in
certain cases. The requirements and standards for headlamp aim are contained
in the RVLR and headlamp dip is to ensure that the aim travels downwards
from the light source thus ensuring that on an even level surface the light will
not dazzle other road users. The degree or angle of the downward deflection of
the aim from the light source will have to be more acute the higher the light
source is from the ground, otherwise dazzle will still occur. Domestic regulations
differ from European countries; however the Inspection Manual has taken some
of these differences into account.

RVLR (Schedule 4 Part 1) states

When a vehicle is at kerbside weight and has a weight of 75kg on the driver’s
seat, and any manual headlamp levelling device control is set to the stop
position, the alignment of every dipped beam headlamp shall as near as is
practicable, be as follows:
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In the case of a vehicle having a maximum speed exceeding 25mph

NIf the dipped beam headlamp bears an approval mark its aim shall be set so
that the horizontal part of the cut off of the beam pattern is inclined downwards
as indicated by the vehicle manufacturer in a marking on the vehicle, as
mentioned in sub-paragraph 12b or, where no such marking is provided

A) 1.3 per cent. If the height of the centre of the headlamp is not more that
850mm above the ground, or

B) 2 per cent. If the height of the centre of the headlamp is more than 850 mm
above the ground

i) If the dipped beam headlamp does not bear an approval mark and the
headlamp can also be used as a main beam headlamp its aim shall be set so
that the centre of the main beam pattern is horizontal or inclined slightly below
the horizontal.

iii) If the dipped beam headlamp does not bear an approval mark and the
headlamp cannot also be used as a main beam headlamp its aim shall be set
SO as not to cause undue dazzle or discomfort to other persons using the road.

RVLR (Schedule 4 Part 1, 12) states

is fitted with dipped beam headlamps bearing an approval mark
has a maximum speed exceeding 25 mph, and
is first used on or after 1% April 1991

shall be marked with a clearly legible and indelible marking, as illustrated in
Schedule 23, close to either the headlamps or the manufacturers plate showing
the setting recommended by the manufacturer for the downward inclination of
the horizontal part of the cut-off of the beam pattern of the dipped beam
headlamps, when the vehicle is at its kerbside weight and has a weight of 75kg
on the drivers eat. That setting shall be a single figure

Between 1 and 1.5%. If the height of the centre of the headlamp is not more
that 850mm above the ground, and

Between 1 and 2 %. If the height of the centre of the headlamp is more than
850mm above the ground.

Every dipped beam headlamp fitted to a vehicle first used on or after 1% April
1986 in accordance with this part of th4eScehdule shall be designed for a
vehicle which is intended to be driven on the left hand side of the road.

Where two dipped beam headlamps are required to be fitted they shall form a
matched pair.

No mention is made of the Left / Right horizontal standards

European Type Approval Requlations E/ECE/324 Requlation 48.6

The orientation of the headlamps is described in 6.2.6 (vertical orientation is
only specified) and the aim requirements are detailed in 6.2.6.1.2

Depending upon the mounting height in metres (h) of the lower edge of the
apparent surface in the direction of the reference axis of the dipped beam
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headlamp, measured on the unladen vehicles, the vertical inclination of the cut
off of the dipped beam shall, under all the static conditions of Annex 5, remain
between the following limits and the initial aiming shall have the following
values:

H < 0.8m
Limits between -0.5% and -2.5%
Initial aiming between -1% and -1.5%

H Between 0.8m and 1.0m

Limits between -0.5% and -2.5%

Initial aiming between -1% and -1.5%
or at the discretion of the manufacturer
Limits between -1% and -3%

Initial aiming between -1.5% and -2%

H>1m
Limits between -1% and -3%
Initial aim between -1.5% and -2%

ECE 48 specifies the measurement conditions for headlamp aim checks to
meet this type approval standard. The regulation allows for photometric testing
(Annex 6 - 3.1) and continues to describe the laboratory conditions required to
carry out the test. Examples such as temperature requirements, vehicle
conditioning, and tyre pressures all contribute towards obtaining a test
procedure that is robust enough to obtain consistent results.

Although both the ‘initial aiming’ and ‘limits’ figures are both important, the
figures that are relevant for the annual inspection are the ‘limits’. Aim must
remain within these defined tolerances during in use conditions; however there
are variances described in the Annexes.

Annex 6 describes variation of the dipped beam inclination as a function of load
and offers measurement conditions for Category ‘N’ vehicle (Motor vehicles
designed and constructed for the carriage of goods) and allows a variation of
0.4% inclination. Based upon the measurement conditions identified in this
regulation this value may increase for in-service condition testing.

Annex 9 refers to ‘Control of Conformity of Production’ and relates to the
variation of inclination with load. (Annex 9 1.3.2)

The states of loading are similarly specified, as are the test conditions; however
the variation of the downward dipped bean inclination as a function of the
loading conditions specified within this section must remain within the following
settings:

0.2% to 2.8% for headlamp mounting height h<0.8m
0.2% to 2.8% for headlamp mounting height between 0.8m and 1.0m

or
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0.7% to 3.3% (according to the aiming range chosen by the manufacturer at the
approval)
0.7% to 3.3% for headlamp mounting height h>1.0m

Whilst the figures stated are ‘conformity’ values, they indicate values that
are available to match the lower vertical aim standards recommendations.

No mention is made of horizontal orientation.

EC Directive 96/96 (Roadworthiness Directive)

The directive only states that alignment should be checked, it does not
specify the tolerances.

USA Research Data

Data from the USA is interesting as it is set in a climate where headlamp aim testing is
not mandatory in all states, the aging population is suffering from glare and dazzle
especially with the introduction of High Intensity Discharge Headlamps and evidence
suggests older people with spectacles and blue eyes will suffer more than others.

Although the researchers could not identify any single, simple solution, the
report does provide a number of helpful suggestions for countermeasures that
can lessen the discomfort and perceived danger caused by headlight glare.
Glare occurs when visual field brightness is greater than the luminance to which
the eyes are adapted. It can be caused by direct and indirect light sources.
Discomfort glare causes discomfort, annoyance, fatigue, and pain. Disability
glare produces a reduction in the visibility distance of low contrast objects. The
elderly, people with light-coloured eyes, and those suffering from cataracts are
especially sensitive to disability glare. Glare at night can be mitigated by design
changes in roadways, automobiles, and vehicle lighting systems.
Countermeasures work in four ways, by:

1) Reducing the intensity of the glare source;

2) Reducing the illumination reaching the driver’s eyes;

3) Increasing the glare angle; and

4) Indirectly minimizing the effects of glare.

Countermeasures requiring government involvement include:

» Enforcement of headlight aim standards

» Changes in beam photometric distribution

+ Ultraviolet headlights

* Polarized headlights

Some 50 percent of vehicles have their headlights misaimed and the problem
increases as the vehicle ages. Because misaim magnifies all other problems
with the low-beam photometric pattern, misaim is clearly the place to begin
finding effective countermeasures. In addition, since public complaints seem to
be mostly about glare from newer vehicles, headlamp aim in vehicles with HID
lamps would be a logical place to apply corrective solutions.

With polarized lighting, the trade off between visibility and glare is resolved.
Countermeasures that can only be initiated by a highway agency include the
following:

» Wide medians and independent alignment
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* Glare screens

* Fixed roadway lighting

As a car ages, headlamp alignment changes because of road vibration;
however, rear loading of the vehicle, once thought to have a significant effect
on aiming, appears not to be an important factor (Copenhaver and Jones 1992).
The effects of misaim could be minor or dramatic, depending on the amount of
misaim. Misaiming shifts the beam pattern horizontally or vertically; it should be
apparent that the effects of horizontal misaim are not as great as those of
vertical misaim. Sivak et al. (1993) found that horizontal misaim of 1.5 degrees
in either direction had no practical significance with U.S., European, or
Japanese lamps. However, vertical misaim of 1.5 degrees had practical
significance for U.S. lamps and even 1 degree miscuing resulted in significant
effects for U.S. and practically as significant effects for European lamps.
Measurements of misaim are made using mechanical aimers that determine
horizontal and vertical error from an ideal target at 25 ft; the error can be
expressed in either inches or degrees. The SAE lighting inspection code rejects
headlamps with more than a 4-inch vertical or horizontal error— this is slightly
less than one degree.

G.B. data from © The AA Motoring Trust www.AAtrust.com 4

The casualty analysis indicates that older drivers have few accidents at night
compared with the day. There are more male casualties than female at night,
and this reflects a difference in exposure as males tend to drive about twice as
many miles per person at night than do females. On the other hand the risk of
death or serious injury to older females is very marked and given the low
exposure of this group in the evening and at night, there is cause for concern.

Headlights of oncoming vehicles can cause problems of glare, and whilst it is
not clear how many accidents could be saved by better adjusted lights and
better discipline in dipping for oncoming vehicles, these are obviously areas of
concern for older drivers.

Only a quarter of all travel by car drivers is undertaken between the hours of
19.00 and 08.00, but it is in this period that 40 percent of fatal and serious
injuries are sustained by drivers. This indicates that car travel at night carries a
greater risk of being killed or seriously injured than does travel during the day.

Older drivers tend to have fewer accidents at night, but little is currently known
about how much of this low accident experience can be accounted for by
exposure related to their driving patterns. People over the age of 60 forms
about 20 percent of the population, yet they make up over a quarter of traffic
fatalities. Glare from oncoming headlights can cause significant problems for
this group of drivers, and increasingly so because of the increasing opacity of
the lens of the eye with age. It is particularly acute as a result of poorly adjusted
headlights; un dipped headlights, and inappropriate use of fog lights (Holland,
2001). This is because in an older driver the eye takes around 9 seconds to
adapt compared with a teenager where it is nearer to two seconds. The effect
of glare is even worse on wet roads where it can be difficult to see the road
markings. Staplin (in Holland, 2001) examined the effect of glare on older
drivers in different road layouts and found the effect was greatest on perception
of road markings and was at its worst on single-carriageway roads.

VOSA — June 2008


http://www.AAtrust.com

\NIOSN 4

Vehicle & Operator Services Agency

A scoping study has been started although the outcome and if the project will
complete is not clear. The results of this TRL survey could be useful

Dean Southall January 2001 indicates the following

First, there is discomfort glare. The discomfort is thought to arise because of
activity in either the retina or the iris, and the primary practical consequence for
driving is that it diverts attention from the driving task.

Second, there is direct disability glare. This is where the task (rather than the
eye) is affected directly. For example light from headlights being scattered by
fog, or a dirty windscreen. This type of disability is generally independent of the
observer, and thus driver characteristics do not necessarily play as major a role.

Third, there is indirect disability glare of neural origin. This is where the eye
is affected, rather than the task, and where the physiological effect is one of
“dazzle” — where one is temporarily blinded by a bright light, and the effect
remains for a while when the light is extinguished.

Fourth, there is indirect disability glare of physical origin. This is again
where the eye is affected, rather than the task, but here the physical effect is as
a consequence of scatter within the eye. This is highly dependent upon
individual characteristics, of which age-changes are the most serious.

Headlamp alignment was tested with an approved headlamp beam test device
that had been modified by the addition of a scale. The scale was calibrated in
degrees, allowing the tester to quantify the extent of mis-aim in each lamp,
without interfering with the normal operation of the headlamp tester. In all, 585
vehicles were tested in November and December 1999. 351 vehicles had both
lamps correctly adjusted, a pass rate of 60%. Of 1170 lamps inspected, 55
(5%) were aimed too high, with the maximum vertical error of +2 degrees. A
larger number of lamps were found to be aimed low, (302 lamps, 25.8%), with a
maximum downward error of —4 degrees. Table 2 and Table 3 summarise the
results.

N/S Lamp O/S Lamp
Total 585 585
OK 379 425
High 28 27
Low 173 129
Other fail 5 4
Min (degrees) -4.0 -2.0
Max (degrees) 2.0 1.5
%high 5 5
%low 30 22

Table 2

Number Rate (%)

Both lamps Pass | 351 60
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One Lamp Fail 102 17.4
Both lamps Fail 132 22.6
Table 3

If the results of this survey present an accurate picture of the current vehicle
fleet, around 5% of vehicles may have headlamps that are aimed too high. This
will inevitably cause some road users discomfort, as the relatively intense light
below the cut off can now reach the eyes of oncoming road users. Over 25% of
vehicles may have headlamps that are aimed low, reducing the visibility range
compared with correctly adjusted lamps. This could indicate that drivers are
content with less light from their headlamps.

There is considerable variation between the lamps, and the lamps give different
results in each headlamp assembly. The blue coated lamps (tests 5 & 13) were
particularly glaring, giving 1.51 —1.94lux at point B50R. Comparing tests 5 & 13
with tests 6 & 14, it can be seen that the influence of coatings on the envelope
of the lamp is greater than influence of colouring the glass of the lamp. Tests 4
and 12 show the adverse effects of poor filament location, as light is cast
immediately in front of the vehicle (zone |) instead of further ahead. What is
clear from this work is that replacing lamps is quite likely to adversely affect the
beam pattern even if the headlamps are correctly adjusted.

The horizontal cut-off line is currently 0.5% below the horizon to limit
glare from oncoming vehicles. Lowering the cut-off by a further 0.5%
would serve to ensure that the glare was mitigated for 90% of oncoming
drivers on straight roads.

G.B. Data from Road Casualties Great Britain 2005 Annual Report
Published September 2006

This report presents statistics collected to an agreed national standard about
personal injury road accidents and their consequent casualties. These statistics
are used to inform public debate on matters of road safety and to provide both a
local and national perspective for road safety problems and their remedies.

A complex devolved reporting system such as that operated in Great Britain will
never produce perfect results, but the high standards that are achieved reflect
the efforts of local authorities and police forces to report to the standard
national requirement.

In 2005 Contributory Factors were introduced into the reporting Stats 19
procedures and up to 6 factors relevant to the accident can be selected from a
grid. Indications of ‘very likely’ or ‘possible’ must be shown; however the factors
may be shown in any order.

Box 705 states ‘DAZZLING HEADLIGHTS’ and the report for 2005 lists:

0% - Pedal Cycles —Contributory Factor
0% - Motor cycles - Contributory Factor
0% - Cars - Contributory Factor

0% - Light Vans - Contributory Factor
0% - HGV - Contributory Factor

0% - PSV - Contributory Factor
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(O indicates zero or negligible values — most are between 0.1%-0.5%)

Note: Contributory factors to Road Accidents analysis data on factors for road
accidents collected between 1999 and 2002 that examined how results might
be used in injury accidents also reported in the project, zero ‘dazzling
headlamps’ as a contributory factor. (Published 30/9/2004)

(Although caution should be shown to using these figures as absolute values
they do give an indication of headlamp aim as a contributory factor to date)

4.3 Comparison between speed, stopping distance and road illumination

Baseline information obtained from the Highway Code to demonstrate the
stopping distances required relative to speed is available. (Appendix 9 shows
HGV stopping distances on modern HGV’s fitted with disc brakes and EBS as
comparable)

Once the stopping distances have been identified the inclination can be
calculated to provide the road illumination distance for a given speed.

Speed Stopping Road lllumination Inclination Headlamp
(mph) Distance (m) distance (-%) Height (mm)
20 12 12 4.16 500
30 22.5 22.5 2.22 500
40 36 36 1.38 500
20 12 12 5.83 700
30 22.5 22.5 3.11 700
40 36 36 1.94 700
20 12 12 7.07 849
30 22.5 22.5 3.77 849
40 36 36 2.35 849

A vehicle travelling at an average speed of 30 mph with a headlamp height of
700mm and the headlamp inclination is -3.11%. It will have a headlamp road
illumination sufficient to illuminate the full stopping distance.

4.3.1 Summary

The 2001 Southall etal study suggests that a lowering of the upper limit of 0.5% may
decrease glare for 90% of drivers. Their research also harmonised with ours with their
failure rate overall being similar to VOSA with similar types of fail. Evidence indicates
that older drivers are more troubled by headlamp glare and dazzle. There are also
suggestions that there are more accidents on non-built up roads at night indicating
periods of time when headlamps would be used. The G.B. ageing population will
increasingly become susceptible to glare and dazzle and the effects of poorly adjusted
headlamps. Of note is the maximum downward inclination observed at 4% (nearside).
The higher level of vehicles being fitted with HID units will become as an issue as these
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vehicles become older with beam setting and auto cleaning and levelling equipment
becomes defective.

Although ‘Road Casualties Great Britain’ data provides statistical evidence that in all
road casualty accident zero percent have identified ‘DAZZLING HEADLAMPS' as a
contributory factor, taking these facts into consideration there is some basis to support
the increase in the vertical tolerance zone in so far as headlamp dazzle is by far the
most significant safety feature. A lowering of the lower vertical limit would mean that the
midway point between the upper and lower limits would be at -1.66% inclination for
headlamps lower than 850mm. This is a further reduction in the current midway point
Consequently the risk of dazzle is further reduced, yet retaining road illumination at a
sufficient level to meet current mean stopping distance demands.

If any changes are suggested to lower vertical standards the distance available for road
illumination is crucial. Jehu (1959) provided a calculation to identify seeing distance in
relation to the height of the headlamp and the vertical downward inclination. Using this
established calculation it is clear that road illumination is sufficient to accommodate
stopping distances for average driving conditions.

Consideration should be given to applying the lower vertical limit that applies to
Category ‘B’ vehicles to all vehicles and the introduction of electronic assessment to
enable more consistent results.

4.3.2 Recommendation

e That a further study be carried out to consider if HID headlamps and
associated equipment are subject to annual testing.

e That consideration be given to relaxing the current Category ‘A’ lower
vertical standard to the Category ‘B’ lower vertical standard and removal
of the left horizontal 2% standard in the light of the lack of evidence to
support the current tolerance zones.

4.4 Electronic Assessment comparisons with Visual Assessment

It was not practical to assess the LET PLA 20 with other visual machines so the
comparison with other visual assessment machines was not reasonable. It was
important to demonstrate that the machine was more than capable of producing
repeatable and consistent results using the electronic method.

The Headlamp equipment used was identical to that supplied to VOSA — The
Luminoscope PLA 20 with electronic assessment available.

The PLA 20 uses a series of 15 photoelectric cells to record the intensity of light in
different areas. Each cell picks up the light intensity and calculates a complex algorithm
using a number of cells. The calculation compares between areas of low intensity and
high intensity and uses cells in differing areas. For example; Cells 9, 6 and 11 may
compare to Cells 5, 8 and 12 and others continue to make comparisons to the extent
that the result of the algorithm should mirror the standards of the visual assessment.
The photocells are arranged in order as stated in ISO 4182 an International standard for
Installation of photometric testing equipment for European headlamp cut off horizontal
image line. This cross references with ECE 48.

This ensures that all values recorded by the photocells are consistent and replicate the
ECE 48 standards for initial type approval.
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In order to prove that the visual assessment of headlamp aim was subjective and
dependent upon the eye of the tester we used 10 volunteers. All 10 were asked to
conduct the same trials and 4 areas were identified. These four areas are labelled from
Ato D.

A) The headlamp cut off point was first adjusted to centre position using geometric
positioning. Regardless of its exact position, this was to become the benchmark
position for each test. The first test was for the 10 testers to identify on a paper chart
that mirrored the back plate of the beam setter where he/she though the cut off point
was and mark its position with a cross on the card. All tests were carried out
independently and under close scrutiny.

B) The next test was a dynamic test in so far as the beam aim was adjusted
significantly away from the benchmark centre point and the 10 testers were each asked
to move the beam aim so that the cut off point was aligned with the geometric centre
position point. Once done so, another tester would then identify the location of the cut
off point on a paper chart.

C) The third test uses a test table with a headlamp mounted to it (goniometer). The
headlamp is able to be adjusted in both horizontal and vertical plane by micrometer
adjustment that represents a specific value for each turn. The electronic assessment
was covered and testers were asked to move the headlamp vertically to the upper point
and similarly to the lower point. (Only the Category ‘A’ lines were used in this test)

D) The final part of the visual assessment test was conducted again using a similar test
process. The test process was to align the beam aim cut off point on the 2% vertical line
and the tester is requested to move the image pattern cut off point to the 0% vertical
line point. Again the distance between the two points was recorded. This process gives
an idea of the visual assessment of the left / right alignment position.

4.4.1 Results

A) The results of Test ‘A’ are identified on Chart ‘A’ and show the distances measured
from where the centre of the ‘X’ was located to the vertical and horizontal position of the
central benchmark geometric position. The figures given are indicative of the type
approval standards and are expressed in cm/10m. Note the maximum horizontal
deviation is greater than the current standards of 2% and the maximum vertical
deviation is significantly less (0.3%)

Distance from Max
centre of A B C D E F G H J mean | Deviation
tolerance box (cm/10m)

Horizontal

(cm/10m) -1,00 | 0,00 | 850 | 20,50 | -1,00 | 2,50 | -1,00 | 18,00 | 0,50 | -0,50 | 4,7 21,5

Vertical

Chart ‘A’ cnviom

-0,50 | 1,00 1,50 | 0,00 | 2,00 1,00 | 0,00 | -1,00 | 0,00 | 1,00 [ 0,5 3,0

B) The results of Test ‘B’ are identified on Chart ‘B’ and show the distances measured
from where the centre of the ‘X’ was located to the vertical and horizontal position of the
central benchmark geometric position. The figures given are indicative of the type
approval standards and are expressed in cm/10m. The maximum horizontal deviation is
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greater than the current standards of 2% and the maximum vertical deviation is
significantly less (0.5%)

Distance from Max

centre of A B C D E F G H | J mean | Deviation
tolerance box (cm/10m)
Horizontal
(cmi10m) 8,50 | 2,50 1,00 | 20,00 | 1,00 | 0,00 | 0,00 1,00 | 4,50 | 1,00 3’6 21,0
Vertical
P 2,50 | 1,50 | 2,00 0,00 |-150 | 2,00 | 0,00 | 1,00 [ 350 | 0,00 [ 1,1 5,0
Chart B (cm/10m)

C) The results show the distance between the upper and lower limits identified by the
testers. The mean was 1.58% and the distance should be recorded as 1.5%. Similar to
the results shown in the first two exercises, the maximum deviation was 0.37% that
compares reasonably to the vertical visual alignment processes shown in Test 1 and 2.

Visual Max
Interpretation A B (& D E F G H | J Mean | deviation
U/D (cm/10m)
Tolerance
zone 16,60 | 16,05 | 17,03 | 16,37 | 13,70 | 17,37 | 15,32 | 14,38 | 15,00 | 1573 | 15,8 3,7
1 )
C hart C (cm/10m)

D) The results show a mean of 2.88% that is greater than the 2% tolerance allowed by
UK standards and a maximum deviation of 1.27%

The results highlight the effect of visual assessment. The manufacturer has a built in
tolerance of 0.5% for mirror alignment and if this is also taken into account both the
mean and maximum deviation figures would be raised.

Visual Max
Interpretation A B C D E F G H | J Mean | deviation
L/R (cm/10m)
Tolerance
zone 29,38 | 31,41 | 3546 | 34,09 | 24,84 | 32,78 | 24,49 | 22,81 | 22,96 | 29,46 | 28 , 8 12,7
Tat 1
Chart ‘D (cm/10m)

4.4.2 Electronic Test Assessment

This test was conducted to ensure that the machine was capable of repeated in-service
testing that reflected the up/down tolerance zone standards. The comparison with the
electronic assessment is carried out on a test rig using a RHD fixed headlamp. 25 tests
were conducted and on each result was recorded from the position when the electronic
assessment red light illuminated (Intermittent flash) at the upper point to the red light
illumination (intermittent flash) at the lower point. The standard deviation of the test
results was 0.0351%.

This result shows that electronic assessment is both repeatable and consistent.

A further test was conducted using a test tool known as a ‘UNICAL’ This tool consists of
a light projector with a masking device that can mask a portion of the light to simulate a
European headlamp aim pattern with a fine horizontal beam aim line and a distinct cut
off point. The uncial was able to be moved dynamically using micrometer adjustment
screws and the measurement accuracy allowed fine tuning to represent headlamp aim
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deviations.

The uncial is positioned to conduct 25 repeated tests and each result is recorded to
show the vertical band width. The standard deviation of the results was 0.0066%, which
shows that the electronic test is repeatable and consistent.

This chart combines all the visual tests conducted and uses the figures achieved
throughout the tests. Over 99% of the results are within 3 standard deviations of the
mean. The chart compares the visual assessment of the up / down and left / right
assessment with the theoretical calculated results and then relates these values to the
UK standards.

Visual Test

UD tol.
[em/10m]

Theoretical

uD tol.
[em/10m]

Visual Test

LR tol.
[cm/10m]

Theoretical

LR tol.
[cm/10m]

Mean value p:

15,8

15

28,8

20

Total standard deviation o:

12

3,7

4,7

14,1

u - 30:

12,2

3,9

14,7

0

u + 30

19,4

26,1

42,9

62,3

Comparison with VOSA:

Greater than
VOSA Std
15 cm/10m (1.5%)

Equal to
VOSA Std
15 cm/10m (1.5%)

Greater than
VOSA Std
20 cm/10m (2%)

Equal to VOSA
Std 20cm/10m
(2%)

4.4.3 Test Lane Trial of Electronic Assessment Algorithm

Twenty five examinations were witnessed at a testing station where the Examiner
tested visually as per VOSA memo 20/2006 this visual placement of the image was
compared with the electronic result. 18 of those tested produced the same outcome by
visual and electronic assessment. 6 were found to pass by visual assessment but fail by
electronic assessment. This was caused by issues regarding image quality and
extraneous light from the headlamp. This is a separate fail criteria to headlamp aim.

One however passed the test on the electronic method but failed visually. This was
because the cut off point was set by more than 5% to the nearside. It is a characteristic
of the PLA 20 electronic algorithm that once the 5% to nearside position is reached, the
machine believes that there is no cut off and assumes a flat beam. The manufacturer
accepts this point but counterclaims that with an image in this position there would be
no glare caused to oncoming vehicles. This proves that the electronic algorithm does
not match the GB legislation limits.

It was noted that the shared experience of the Testing Staff indicates the difference in
result between the visual and electronic assessments has caused a loss of confidence
in the equipment and the electronic unit with the majority of those asked.

4.4.4 Conclusion

The theoretical results indicate that using visual assessment for the up / down
standards the location of the image line is too inaccurate for consistent testing. The
theoretical results indicate that using visual assessment for the left / right standards
there is an even greater risk of inconsistency as the break-point for the image is more
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difficult to identify.

These results are then compared to the electronic assessment carried out in the earlier
tests.

The results show that using the standard deviation figures obtained in previous
experiments the electronic assessment method is a repeatable and consistent test to
the extent that standard deviation is 0.04% whereas the theoretical assessment that
compares the visual assessment to the UK 1.5% standards shows a standard deviation
of 0.37%.

Electronic UD tol. Theoretical UD Visual UD tol.
[cm/10m] tol. [cm/10m] [cm/10m]
Mean p: 18,6 15 15,8
standard deviation o: 0,4 3,7 1,2
p-30: 17,4 3,9 12,2
p+30: 19,8 26,1 19,4

4.45 Summary

Standard deviation values demonstrate the degree of confidence in the values
recorded.

Visual up / down inaccuracy deviation expectancy: 0.36% (confidence level 99%)

If a mean value of 1.58% is required, values as low as 1.22% and as high as 1.94% will
be recorded.

Electronic Inaccuracy: 0.12% (confidence level 99%)

If a mean value of 1.86% is required, values as low as 1.74% and as high as 1.98% will
be recorded.

Visual left /right inaccuracy deviation expectancy : 2.82% (confidence level 99%)

If a mean value of 2.88% is required, values as low as 1.47% and as high as 4.29% will
be recorded.

4.5 Internal Statistical Data Collection and Revalidation of ‘Allsopp’ Statistics
Report 2002

A data collection survey was carried out to identify the level of non-compliance of
headlamp aim within controlled annual test procedures. On viewing the document
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archives relating to headlamp aim, it was found that prior statistical studies had been
carried out which could be re-evaluated so to avoid any duplication of work.

The Allsopp Statistics Report of 2002 was used as a backbone of the data collection
exercise due to its detailed statistical breakdown of headlamp failures. Failures within
this study were categorised according to the position of the image cut-off in relation to
the headlamp aim limits.

The aim of the data survey was to identify the nature of headlamp aim failure (1.M 67) at
Annual Test. The results provide specific data relating to individual failures and give an
indication whether failure is characterised by single or dual lamp misalignment.
Information regarding headlamp aim preparation for annual test was also gained.

To validate the Allsopp Statisics Report, it was decided to take a sample of headlamp
failures equating to a quantity greater than 20% of Allsopp’s original sample size of 582
vehicles. The trial was conducted during a two week period between 15 January — 26
January 2007 at HGVTS 10 (Southampton), HGVTS 25 (Bicester) and HGVTS 36
(Royston). The format for the data collection involved the Testing Staff indicating the full
reasons for failure on the test card which specified accurately the direction of misaim. It
was also recorded whether presenters knew if the headlamps were aligned prior to
coming for test. All test cards which received a Fail or PRS for IM67 were then returned
to the project team for analysis.

On completion of the trial, it was found that the numbers of failures/PRS received were
more than anticipated within the two week period. This meant that the pre-requisite for a
20% sample was surpassed and the final sample was almost double Allsopp’s.

45.1 Results of Collection

During the two week period of the trial the national average headlamp failure rate was
22.86%. The three sample stations and Allsopp sample compared to this as follows:

NATIONAL ALLSOPP ROYSTON SOUTHAMPTON BICESTER
AVERAGE SAMPLE SAMPLE SAMPLE SAMPLE
22.86% 35.91% 25.19% 24.35% 52.69%

Results attributed to individual headlamp misalignment or dual misalignment was as

follows:
EFFECT ALLSOPP ROYSTON SOUTHAMPTON BICESTER
BOTH LAMPS 39.71% 39.60 40.91 38.10
ONE LAMP 57.89% 60.40 59.09 61.90
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60.00

50.00 A
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30.00 A

Percentage of Failures

20.00 -

10.00 A

—e— Allsopp 2002

—#— Royston
Bicester
Southampton

0.00

FAIL FOR BOTH HEADLAMPS

FAIL ON ONE ONLY

INOPS

Results of the question posed regarding the set up of headlamp alignment prior to
coming for annual test is as follows. The results highlight the percentage of vehicles
that have headlamp checks and adjustment prior to test, and still go on to fail the

standards:

% SET PRIOR TO

ROYSTON

SOUTHAMPTON

BICESTER

27.72%

31.82

31.97%

Headlamp aim requirements in Europe differ from those in the GB. The following data
compares the GB failure rate to a revised figure which removes all failures on the
horizontal axis. The revised figure therefore reflects the headlamp aim failure rate if the

European tests criteria was applied.

Legislation ALLSOPP ROYSTON SOUTHAMPTON BICESTER
GB 35.91% 25.19% 24.35% 52.69%
EU 28.18% 15.46% 19.13% 26.52%
% CHANGE 7.73% down 9.73% down 5.22% down 26.17% down
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Reduction In Failure Rates after Application of European Regulations

W Fail % UK Regs
W Fail % Euro Regs

Percentage Failure Rate (%)

Allsopp Sample Bicester Sample Royston Sample Southampton Sample

The trends in headlamp failure characteristics appear to have changed little since 2002
and this is shown within the validating samples. There are differences numerically
between test stations but it is seen that there is, with two minor exceptions, a common
pattern. The graph shows that at each trial site, more vehicles fail due to one lamp
misalignment than dual. It also shows that low aimed fails are numerically superior to
high aimed fails when both considered as dual or single lamp failures. Three sites show
increased failures for misalignment to the right when compared to the left. It is

encouraging to note that dual lamp failures for horizontal misalignment have a low
margin.
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Failure Relative to Axis of Misalignment

High Low Left Right Poor Image
26.55% 39.12% 10.97% 18.94% 4.42%

Axis of Failure

The breakdown of failures relative to the axis along which they failed is displayed
above. It corroborates the trend from the four trial sites that low aimed fails are greater
than high aimed fails (potential for dazzle) and that right aimed fails (potential for
dazzle) exceed left aimed fails.

4.5.

2

Conclusions

Vehicles having one headlamp out of alignment continue to feature
high as failures on the Annual Test.

Considering the vertical axis, more lamps fail for aiming too low than
too high.

Considering the horizontal axis, more lamps fail for aiming too far right
than left.

If the European headlamp regulations were applied to this sample, the
average failure rate reduces from 34.54% to 22.32% (12.22%
reduction).

Of those vehicles which failed, 30.5% of presenters confirmed that the
vehicle headlamps were checked prior to annual test.

The study suggests that the current trend of headlamp failure
characteristics is comparable with the 2002 Allsopp report. This would
suggest that trends within the trade have not varied much and that
there have been no major changes in vehicle design which affect aim
characteristics in the period.

4.6 Assessment of the Luminoscope® PLA 20

The PLA 20 has been analysed with regard to its technical accuracy, build quality and
suitability for use to meet VOSA requirements. This has been achieved through
practical experimentation within the Research and Development bay, from a range of
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trials / surveys and from detailed discussion with the equipment manufacturer.
Feedback has also been gained from members of Testing & Inspection staff and from
various vehicle operators.

4.6.1 Physical Attributes

The construction and robustness of the equipment is considered sufficient for purpose.
None of the L.E.T equipment inspected displayed any signs of damage; debris was
found within the rail channels but this was not excessive at any visited site. There is
concern that wear may become evident when using the square profiled wheels on the
older type rails causing an unstable testing platform, this has the potential to cause
additional misalignment of the equipment to the longitudinal axis of the vehicle as
detailed in paragraph 4.3.5. This would only affect the horizontal test standards.

4.6.2 Alignment Procedure

A majority of testing Staff at five test stations were asked their opinion on the LET
equipment and the alignment procedure. Nearly all voiced disapproval with the mirror
arrangement with a preference towards the previous gun sight method. Reasons given
ranged from a reduced field of view with the mirror, to the inability to locate suitable
symmetrical points due to availability on some vehicle types and some reported
difficulty getting the line to go through the symmetrical points using binocular vision.
Experiences were also recounted of vehicles with unlevelled cabs which, when the
mirror is lined up with the front grille does not provide a correctly aligned headlamp
tester.

VOSA Standards Officers have confirmed these issues concerning the alignment
procedure using the mirror in so far as the majority of procedural errors and issues
result from the incorrect alignment of the equipment to the vehicle and the
determination of category A/B not with the assessment of the image position and / or
the testing procedure itself.

During R & D assessment it was observed that when using the mirror, the image of the
line shifts with regard to the symmetrical points if the head is moved up or down and if
different eyes are used. It was found that the most reliable method was to view the
alignment marks using both eyes (binocular vision) and for the head to be kept still.
Other headlamp equipment have mirrors with two parallel lines and two line
arrangements were considered better in terms of accuracy and ease of use.

The L.E.T mirror field of view had shortcomings in so far as the only available
symmetrical point on some vehicles is the number plate, the grille decal and a grab
handle. None of these items can be assumed square to the vehicle and may in some
instances contribute to incorrect alignment of the equipment and inadvertent failure.

LET manufacture a LASER aligner which replaces the mirror alignment method please
see paragraph 4.8. The alignment is a critical feature when visually assessing the
horizontal standards.

4.6.3 Electronic Assessment Features

a) The optical head includes electronic functionality, which allows operatives to
establish the light source centre of the headlamp accurately and consistently. The
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centre of modern complex headlamps is not always marked and cannot be visually
identified accurately. The Electronic Positioning Check (EPC) function utilises four pairs
of photo-sensing cells fitted to the forward face of the optical head. With the use of the
integral instrumentation device, which consists of an array of Light Emitting Diodes
(LED) and direction arrows, the examiner is guided to adjust the height of the optical
head so that it is relative to the headlamp. When the optical head is positioned centrally
to the light source, a green LED will indicate this to the examiner. Consistent
determination of headlamp height is now achievable by using a pillar mounted height
gauge. Correct determination of headlamp height is essential to ensure that headlamp
aim is tested against the correct criteria.

The electronic positioning assessment function of the PLA 20 is claimed to
determine headlamp position to within 0.12% accuracy.

b) The electronic test facility is able to determine the position of headlamp aim using
inputs from the light sensitive cells embedded into the rear test screen. Whilst in the
‘Test Mode’, the examiner can electronically check the aim whilst at dipped beam by
selecting that option with the press button. When selected, the light sensitive cells will
assess the beam position and relay this to a board mounted microprocessor as a series
of inputs. A control algorithm then evaluates the input data and indicates the result to
the examiner as a series of outputs through the integral instrumentation device. The
algorithm is set by the equipment manufacturer (LET Automotive) in accordance with
ISO 4182 standards and claims to correspond to the thresholds of the GB headlamp
specifications. Adjustment (PRS) of the headlamps is achieved using the tighter
tolerances of the ‘Adjust Mode’ where the integral instrumentation device will advise the
operator in which plane to adjust. ‘Test Mode’ is then selected to confirm correct
adjustment.

When working with the PLA 20 on the test lane, it was found that the electronic
assessment feature did not always reflect the visual image. This is due to the electronic
algorithm basing its decision on light intensity instead of a subjective visual
interpretation of image position. During a controlled examination in the R& D bay, the
electronic algorithm was tested. This was done by adjusting the break point of a
headlamp across the back screen and noting at which point the electronic assessment
result changed. It was found that the electronic assessment appeared to give the
correct interpretation of the break point position and was precise in most cases within
the immediate tolerance area of testing standards. (The subjective nature of the visual
assessment should be taken into account) The test was repeated with water and dirt
placed onto the headlamp and a similar performance was gained. It was noted on the
test lanes and agreed by the equipment manufacturer, that any internal degradation or
moisture within the headlamp will result in an indiscernible image and a failure by
electronic assessment. The manufacturer claims that the equipment is functioning as
standard in this situation and that any headlamp that has such an image is of poor
quality and should be rejected. It should therefore be noted that due to the amount of
vehicles presented and the standards applied by the PLA20 may invariably produce a
higher amount of failures due to image quality.

At present, image quality is determined by the assessment of the Examiner, and it has
been seen that they are a lot more forgiving than the electronic assessment. Therefore
a move to electronic assessment will give stricter limits on image quality.

The advantage of electronic assessment is that there would be a consistent testing
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standard across all sites and the emphasis on pass or fail decisions will be taken away
from the Examiner. The electronic assessment removes human subjectivity from the
test therefore; the question regarding break point position between individuals is
removed. Increasingly headlamps are becoming more technically advanced and with
the removal of any centre point identifying feature and the possibility of adaptive
headlamps the features offered by this equipment offer this as being the only alternative
to existing visual aim testing.

4.6.4 Rail Systems

VOSA have two different rail systems in use within their test stations. Each system
consists of different rail profiles and operates at different distances between rails. The
first system (the LET Automotive system) consists of a hexagonal profile front rail and a
square section rear rail. These rails are set 560mm between centres and they are
adjustable to ensure that the rails are parallel to the floor and each other. The front two
wheels on the base plate are of a V profile and these interface with the hexagonal front
guide rail. The single rear wheel is of a flat profile and runs across the rear rail. It is
noted that the distance across the top of the front rail is greater than that of the base of
the pulley wheel, which indicates that the wheel and rail always interface on the inclined
surface of the pulley wheel.

It follows, therefore, that the V-wheel follows exactly the guiding hexagonal rail. Any
possible misalignment between the two rails will be nullified by a correction of the flat
rear wheel. This results in the optical head not being able to turn in the horizontal plane
during its movement over the guiding system and the equipment alignment will remain
constant to the longitudinal axis of the vehicle.

The second rail system was originally used for the guidance of the previous type of
headlamp testing equipment. This configuration is not an LET Automotive system and
consists of two square profile rails, set 510mm between centres. The base plate for
equipment operating on these rails is fitted with square profile front wheels and a flat
profile rear wheel. The front wheels are retained on the rails by a flange on both sides
of the pulley. It has been observed that the wheel/rail interface is not as precise with
this system. Since the rails are not perfectly parallel to each other, sometimes the
groove of the wheel had to be made bigger which will allow a degree of horizontal
rotation to the optical head. It follows that if the optical head is able to turn in the
horizontal plane during its movement over the guiding system, the equipment alignment
will not remain constant throughout the testing procedure. It should also be noted that a
rise or fall in the rails has an effect on the level of the photocell screen. E.g. a fall of
2mm on the rear rail will lower the image by c0.5%

It has been observed during checks on seven test lanes with this rail system, five
exhibit a degree of lateral freedom between the wheel flanges and rail which will allow
the testing equipment to rotate with regard to the horizontal plane. It is also noted that
on these test lanes, the spirit level bubble within the optical head had more movement
across the lane than on the newer type rails. LET specification is only one graduation
and all displayed specification within 3 graduations that relates to 0.3% indicating that
the rails were still within tolerance.

To improve VFM a decision was taken that if test hall floors were confirmed to be in
specification to use the existing rails and purchase PLA 20s with two types of platform
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with differing dimensions and different wheels. Poole HGVTS has been fitted during
last years refurbishment with new rails, wheels and platforms allowing one beam setter
to traverse both test lanes if needs be. Headlamp failure statistics from April '06 to Feb
‘07 indicate the refurbishment had no significant impact on test hall failures.

Poole Test Station Before and After Refurbishment

40

35 4
> 4

] _____/><:

25 4

20 1

15 4

101 Period of Closeure

Apr-06 May June July August September October November  December January Feb-07

4.6.5 Distribution

VOSA'’s latest headlamp aim testing equipment was sourced from L.E.T Automotive, a
Belgian manufacturer who’'s website states ‘a world leader in the development,
production and servicing of headlamp aiming products’. The main model purchased was
the Luminoscope® PLA 20 (Facilities planning documents indicate that 15 PLA-5s (non-
electronic) were sourced for a number of part-time stations).

4.6.6 Integration into VOSA HGVTS

The PLA 20 is fundamentally different to the equipment VOSA has used both in
technology and method of operation. It required an estate wide training package.

The initial training package for the use of the equipment was assisted by way of a DVD
presentation. There is general feeling that this presentation was inadequate and served
to install a level of misunderstanding and ambiguity within the testing staff. The DVD
was aimed at full introduction of electronic assessment, however, VOSA retained the
element of visual assessment and this led to confusion. A lack of control and guidance
on the correct use of the equipment at some locations meant that different members of
staff within the same test station often used the equipment in a different manner. For
example, some members of staff would use the electronic assessment method only,
whilst their colleagues solely relied on visual assessment of the image. There was also
misunderstanding on the use of the rear screen control knob when using Category B
vehicles. This would have had the effect of incorrect testing decisions, either through
passing headlamps that had a defective aim or by failing headlamps that were, in all
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probability serviceable.

The signed distribution and understanding of VOSA memo 20/2006 to all Testing &
Inspection staff has attempted to address this issue. The guidance sets out the agreed
Operating Instructions for the use of the PLA 20 and states that the electronic
assessment feature is not to be used. Archived documents state that the purchasing of
the new equipment would remove much of the subjectivity from headlamp testing and
was to enable a consistent approach to the aim standards in line with VOSA’s key
activity targets for 2005/2006 (Source: Headlamp Aim Report for Stanmore 2006).
Testing subjectively under VOSA memo 20/2006 detracts from this statement but this
was necessary as electronic testing had not been approved.

It would appear that overall, compliance with the instruction of the memo is good and
that there has been an observed consistency within the stations visited. This has been
supported by Regional Standards Officers and is reflected in the reduction in test error
rate for IM 67, however there are still shortcomings demonstrated in the correct
operational procedures of the equipment.

4.6.7 Conclusions

. The use of the old rails can cause movement which exacerbates both
the longitudinal and lateral alignment problem and has also caused
criticism and scepticism within the T&I staff

. The LET rails are superior to the existing VOSA rails being adjustable
throughout the length they allow auto adjusting of the unit when in
use.

. The lack of easy visual reference points and the various headlamp
mounting methods on modern HGV can all cause the mirror system to
fall short of requirements. Individuals’ using the mirror system need
binocular vision to obtain the best results for those without moving the
head to align the mirror leads to potentially incorrect alignment.

. New complex headlamp units typically have no centre indicated; as
such the EPC is beneficial and potentially offers a more consistent
approach to determining the headlamp position.

. A move to electronic testing means there will be a need to introduce a
new failure mode for image quality and review the current reasons for
failure to ensure consistency.

. Electronic testing gave consistent results

. The algorithm does not match GB specification precisely. If a decision
is made to move to electronic testing, verification for left break point
will need to be made. The alternative would be to relax the left limit to
enable electronic testing without visual reference.

. Refurbishment at test stations has not improved or had a detrimental
effect of fail rates

. The initial DVD caused some considerable misunderstanding and
ambiguity. VOSA memo 20/2006 has improved the situation
considerably but there is still a strong level of cynicism about the
equipment. Training should be cascaded at the station see paragraph
1.115

. A survey by all Station Managers should confirm the spirit level
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movement is within LET tolerance i.e. one graduation when traversing
4.6.8 Future Work

The PLA 20 contains a rechargeable battery pack (9.6 volt) this battery pack will require
replacing 2-4 years to ensure continuous testing each day. Memory effect may cause
shortened use during the day; this check should be included in Station Managers /PTO
duties. It is recommended to change batteries as a preventative maintenance item.

The disposal of the batteries is an environmental risk we should ensure this is treated
correctly.

4.7 PLA 20 Alignment Trials

4.7.1 Purpose

The purpose of the trial was to compare the alignment accuracy of the Luminoscope
PLA20 when using different alignment methods. The three methods defined within the
trial were the traditional ‘gun-sight’ method of alignment, the standard mirror alignment
and the use of an LET LASER alignment device. The aim of the trial was to indicate the
variance in standard deviation between the three alignment methods and give an
indication to the accuracy of each method in comparison to each other. It was
envisaged that the trial would demonstrate the most accurate and repeatable method of
alignment.

The trial was conducted at Taunton HGVTS, using 10 members of Testing & Inspection
staff within the sample.

4.7.2 Facilities and Equipment

A control vehicle was used during the trial, the prerequisite of which was the fitment of
European headlamps and a clearly defined headlamp image. A LASER marking device
was used as a tool for the simulation of the break-point, so to add accuracy and
definition to the subjective test.

As the trial was conducted at a VOSA site, the calibration of the Headlamp equipment
and rails was relied upon to be within VOSA specification. A full visual inspection of the
equipment was done prior to commencement to ensure the serviceability of equipment.

4.7.3 Training

As Testing & Inspection staff was used exclusively within the trial, further training was
not necessary when using the headlamp testing equipment, however a briefing was
given prior to test on the method of alignment to be used.

4.7.4 Methodology

A control vehicle was driven onto Stage C of the test lane and positioned in front of the
headlamp testing equipment. The testing equipment was then aligned to the longitudinal
axis of the control vehicle using the LASER alignment device. To confirm this, a
selection of symmetrical points on the vehicle was used and measurements were taken
between the testing equipment and vehicle to confirm accuracy. Symmetrical points on
the vehicle used included front cab mountings, light mountings, chassis points and body
panels.
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A benchmarked position was then established for both headlamps. This was achieved
by adjusting the breakpoint of the headlamp pattern to 0% on the horizontal axis and
0.5% on the vertical axis using the PLA 20 electronic algorithm. So to remove any
confusion or ambiguity in the determination of the image breakpoint, a LASER marking
device was then securely attached to the vehicle which projected its focal point onto the
0% line of the horizontal axis. Individuals from the sample were then asked to align the
Luminoscope PLA 20 to the control vehicle using the LASER alignment device and
determine the position of the headlamp image.

A pro forma was designed to correspond with the measurement markings carried by the
rear screen of the PLA 20. It was not possible to replicate this exactly to scale, so all
measurements quoted in the results section relate to the pro forma dimension, and not
to the virtual image.

The position of the projected LASER dot was then viewed on the headlamp tester back
screen. The position of this dot was marked on a pro forma and its distance from the
original benchmark position was gauged. The position of the image cut-off for both
headlamps was then marked on the pro forma. This was repeated by each individual in
the sample.

The procedure was then repeated using the standard mirror for the method of
longitudinal alignment and then the gun sight method. However, it was found
impractical to manufacture a gun sight for the PLA 20 which could be used by all from
within the sample, so this procedure was halted after 6 tests.

The data collected on the proforma was then analysed. This was to identify the variance
in horizontal position of the LASER dot and breakpoints between each individual and
the benchmark position. Measurements were taken between the benchmarked position
and the point marked on the pro forma. This data allowed the calculation of the
standard deviation of the data set. This was to determine the amount of variance (or
margin for alignment error) using each individual method. A low standard deviation
close to zero would suggest indicate low variance in alignment and indicate the most
repeatable alignment method. In contrast, a higher standard deviation would suggest a
less repeatable or accurate method of alignment.

4.7.5 Results
This trial highlights the fact that the alignment procedures were subjective. The
determination of the position of the LASER dot can be considered as precise, due to its
distinct and focused image. Clear differences could be seen between the accuracy of
the LASER alignment method and mirror alignment method.

Calculation of Standard Deviation

LASER Alignment Method

Sample Benchmark | 1 2 3 4 5 6 7 8 9 10
Deviation | Omm 55 |0Omm | 7.5 5.5 3.5 5.5 3.5 3.5 15 35
mm mm mm mm mm mm mm mm mm

Standard Deviation = 2.166 mm
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Range= 7.5 mm

Mirror Alignment Method

Sample | Benchmark |1 2 3 4 5 6 7 8 9 10
Deviatio Oomm 19.5 Imm|1mm | -4 -9 9.5 Imm |1mm |55 -5
n mm mm mm mm mm mm

Standard Deviation= 8.06 mm
Range= 28.5 mm

Gun sight Method

Sample Benchmark |1 2 3 4 5 6 7 8 9 10
Deviation | Omm 195 | 7mm | 1.5 9.5 19.5 11 - - - -
mm mm mm mm mm

Standard Deviation= 7.10 mm
Range= 17 mm

It was seen that the variability within the sample, when aligning the PLA 20 to the
longitudinal axis of the vehicle was lower when using the LASER alignment device. The
range within the sample was 7.5mm, which would equate to within 1% accuracy on
the horizontal axis of the PLA 20. The standard deviation was calculated at 2.166mm,
which was the lowest of the trial.

The variability within the sample, when aligning the PLA 20 with the mirror was
increased in comparison to the LASER device. The range here was 28.5mm, which
equates to 3% on the horizontal axis. This compares with the manufacturers error
tolerance of 2% when using the mirror. The standard deviation using mirror alignment
was 8.06mm.

The results for the gun sight method are indicated above for information only. The trial
was halted after six samples as it was found impractical to manufacture a device which
could be used and understood by all participating in the trial.

4.7.6 Conclusions
From this study, the following conclusions are drawn:

e From the sample of ten individuals, it is shown that the longitudinal alignment of
the PLA 20 is not truly repeatable whatever the method.

e Each method produces some variance in longitudinal alignment between
individuals.

e The accuracy of an alignment procedure can only be considered as adequate
and not precise.

e Longitudinal alignment using the LASER device gave the lowest variance (within
1% accuracy).

¢ Longitudinal alignment using the mirror was less accurate than with the LASER
device (within 3% accuracy).

e The LASER device offers an increased field of view, when compared to the
mirror.
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e |t was observed that most individuals took more time and diligence when
aligning during the trial than they possibly would have during a test.

¢ Different symmetrical points used on the vehicle were seen to give differences in
alignment characteristics.

e Consideration should be given to applying the type approval standards for the
horizontal limits in view of the non repeatability / potential error in set up.
Accurate vehicle to equipment alignment becomes less relevant should the
removal of the left horizontal standard be applied.

4.7.7 1If LASERs are Adopted

There are H&S implications with the use of LASER: signage would need to be
confirmed, training would need to be undertaken. There may also be a need to equip
LASER glasses for times when the sun’s rays cause the LASER light to be difficult to
see.

The LASER would need to be powered by the tester internal battery and we would need
to confirm the ability for the battery to meet lane capacity for 2 axle vehicles

4.8 Headlamp Bulb Quality Trial

The purpose of the trial was to establish whether replacement headlamp bulbs have the
potential to cause headlamp aim failure when vehicles are presented for Annual Test.
This assessment is being carried out following anecdotal evidence from the trade
regarding experiences of poor quality headlamp aim, resulting from instances of bulb
replacement.

Many operators are now moving to more expensive bulbs; the UK has been a very price
sensitive market and evidence indicates that bulbs sold in UK would not be typically
used in mainland Europe.

A selection of 12 headlamp bulbs was purchased from various motor factors and main
dealers. All the bulbs were of the H4 dual filament type (24 volt 75/70 watt) and each
were marked as being type approved bulbs.

4.8.1 Setup and Control

A Luminoscope® PLA 20 headlamp tester was aligned in front of the offside headlamp
of the control vehicle, as per VOSA Operating Instructions. The headlamps were
switched on and the headlamp beam ‘cut-off’ point was adjusted using the electronic
assessment facility of the PLA 20. The position for this adjustment was set to the lowest
threshold for a pass at annual test in the vertical plane and onto the offside pass limit in
the horizontal plane (1.75% vertical, 0% horizontal). The headlamp alignment was then
re-evaluated to ensure that the PLA 20 gave a pass via the electronic assessment
method. A photograph of the image formed upon the rear screen of the PLA 20 was
taken to confirm this bench-marked position. See Appendix 4. The alignment of the PLA
20 to the longitudinal axis of the control vehicle remained constant throughout the
survey.

4.8.2 Test Procedure
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The remaining bulbs were tested in sequence within the bench-marked headlamp. It
was ensured that each bulb was aligned correctly via the grooves in the bulb-holder and
that the fitted bulb was located positively by the bulb retaining clip. After fitting the plug
to the bulb, the headlamps were switched on. The PLA 20 was then levelled in front of
the lamp using the Electronic Positioning Check. The longitudinal alignment between
the PLA 20 and vehicle was not disturbed.

The image was then assessed using the electronic assessment facility of the preset
PLA 20. The result was recorded as a pass or fail. A photograph showing each bulb
position was captured on the rear screen of the PLA 20 so to allow future comparison of
the headlamp images.

After all 12 bulbs had been assessed the original vehicle bulb was fitted back into the
headlamp and checked as before. A photograph was taken to prove that throughout the
survey, the position of the headlamp had not changed.

4.8.3 Adjustment of ‘Cut-off’

The ‘Set Up and Control’ procedure was then carried out for a second time. This time
however, the location of the headlamp aim ‘cut-off’ point was adjusted to comply with
the upper threshold for an annual test pass in the vertical plane and kept at the offside
limit on the horizontal plane (i.e. 0.5% vertical, 0% horizontal). Confirmation of a pass
was achieved by the electronic assessment method of the PLA 20 and a bench-marked
photograph was taken. The 12 bulbs were then re-tested following the stated test
procedure above.

4.8.4 Results
Sample No Bulb Type Manufacturer Rating Comments
) Vertical axis raised by 0.5
1 H4 Guardian 75 /70 watt
to 1%
Vertical axis raised by 0.5
to 1%. Change in horizontal
2 H4 Guardian 75/ 70 watt ) )
axis 1% to offside. Image
rotated.
H4 Osram 75170 watt No change
4 H4 Osram 75170 watt No change
Image rotated. Horizontal
5 H4 Hella 75170 watt line angled across band by
0.75%
6 H4 Hella 75170 watt No change
Vertical axis raised by
7 H4 Lucas 75/ 70 watt
1.25%
8 H4 Lucas 75170 watt No change
9 H4 Philips 75170 watt No change
10 H4 Philips 75 /70 watt Vertical axis raised by 1%
11 H4 General Electric 75170 watt No change
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12 H4 General Electric 75 /70 watt ’ No change

Of the 12 bulbs tested within the sample, 5 produced a headlamp image with vertical
inclination different to the bench-marked bulb position. This was seen from changes in
the horizontal inclination, differences in break point position and a degree of rotation in
some headlamp images.

When the sample was tested at the lowest headlamp limit, one bulb out of twelve was
observed to fail the test by the electronic assessment method. This headlamp image
would also have been rejected if examined by visual assessment at annual test. The
other four bulbs which deviated from the benchmark passed the test when set at the
lower limits. This is because their change of inclination was accommodated within the
1.25% headlamp tolerance band.

When the sample was tested at the highest headlamp limit, five bulbs out of the twelve
failed the test by the electronic assessment method. These images would also be
rejected if examined by visual assessment at annual test.

The failures were due to the bulbs change of inclination not being accommodated
within the 1.25% headlamp tolerance band. It was found of the five bulbs that
failed the test; all produced a higher horizontal cut-off line on the rear screen
than the benchmark.

Two produced a rotated image and one showed a rotated image with an offset
breakpoint.
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4.8.5 Conclusions

e Best Practice must be that headlamp aim is checked, and if necessary adjusted,
following the replacement of any headlamp bulb.

e Replacement of a headlamp bulb, with one of a similar brand, does not
guarantee a similar image or position.

e Correctly aimed headlamps could fail the annual test due to nothing more than
having had a bulb replaced.

e The accuracy of a bulb is not relative to the cost or perception of manufacturer
quality.

e The Type Approval marking does not to guarantee headlamp aim precision and
conformity between bulbs of similar type and manufacturer.

e Changes in headlamp aim precision are often bulb dependant and not only due
to incorrect fitting by the operator.

e The bulb location in the headlamp can lead to misalignment.

There is often complaint from Owners and Operators that their vehicle headlamp
adjustment can remain static between two consecutive annual tests and receive a
different test result each time. It is proven that this phenomenon can be due to having
had headlamp bulb changes carried out.

4.8.6 Types of Headlamps and Bulbs: Past and Present

Headlamp units used to contain the light source as integral unit; therefore alignment
was a more repeatable operation. For the past two decades the bulb has separated
from the reflector. Headlamp aim now relies upon the manufacturing quality control of
bulb and headlamp unit. Bulbs are becoming more powerful, moving from tungsten to
halogen and now High Intensity Discharge.

Presenters reported that headlamps purchased to replace damaged or units that have
deteriorated are of poor quality on a number of counts: poor build quality with lens and
bulb positioning varying by as much as 90°, those which appear similar give widely
differing beam patterns. They have started using brand named bulbs to try to achieve
better beam quality and durability they are looking into better built headlamp units. The
truck fleets are not immune Appendix 5 indicates the sort of problems experienced
when bulbs are replaced with last 2 pictures indicating the difference when a brand new
manufacturer’s replacement headlamp unit was fitted.

4.9 In-Service Repeatability Trials

The purpose of the trial was to establish the reliability of a typical vehicle headlamp
alignment system in maintaining consistent alignment in service. The trial was run over
a two week period in partnership with Travel West Midlands at their Acocks Green
depot, Birmingham. It was imperative that in this unique instance the same criteria were
applied to each test so to validate any conclusions reached. The same individual carried
out the daily checks at Travel West Midlands and this reduced the risk of unwanted
variability due to subjectivity between individuals. To guarantee reasonable accuracy, it
was decided to run a parallel trial close to Headquarters where a VOSA Engineer could
carry out the daily check and therefore address the consistency issue. The garage
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selected for the parallel survey was First Bus, at their Hengrove Depot in Bristol.

Both partners identified and made available a suitable vehicle with “European” pattern
headlamps and these vehicles were scheduled to enter the depot for checks within a
daily time window. In Travel West Midlands case the vehicle used was new and had
never been in service until the trial started. No adjustment or interference with the
headlamp aim was made between survey checks without notification. First Bus and
Travel West Midlands agreed to make available dated records of any repairs
undertaken on the vehicle during the survey period. Both partners provided evidence of
the calibration and serviceability of the headlamp test facilities to be used within the
trial. Rails were certified to be parallel to the floor surface (+-2mm) and floors level (+-
6mm) and both sites had been calibrated within the last six months.

4.9.1 Method of Inspection

The headlamp aim on both vehicles was verified using the standard VOSA procedure
as detailed within the operating instructions. Both vehicles headlamp aim was set
t01.25% vertical and the break point at 2% horizontal. Both the position of the
breakpoint, tyre pressures and arch heights were recorded at each event on the record
sheet provided by VOSA for the purpose. The result of the Travel West Midlands trial is
shown on a graphical chart.

4.9.2 Results

The results from Travel West Midlands showed that the position of the break point was
consistent for the majority of the checks throughout the trial. Although small variances
were noted, on 1 occasion fail would occur.

The First Bus checks highlighted some small changes in vertical alignment which
corresponded to changes in the suspension height. It was observed that the Dennis
Trident, presented by First Bus, had headlamps which were mounted into a fibreglass
panel. This was located by two positive top fixings and two lower pegs which located
into grommets within the vehicle body. Even though there was no damage to the fixings
and the configuration was seen to be standard, there was observed movement in the
lower fixings which would allow the panel to move and thus change the vertical
alignment of the headlamps. It was found that when the vehicle was static the panel
would settle centrally giving a stable headlamp aim; it would follow however that when
in use, the panel would oscillate due to road vibration and this would produce a
flickering of headlamps.

It was seen that for a two day period at First Bus, the nearside headlamp vertical
alignment dropped by 0.5%. This corresponded to a reduction in the nearside
front suspension height of 2mm. It was found that when the suspension returned
to its previous level, the headlamp vertical alignment returned to the 1.25%
position. It was also seen in the offside headlamp, that an increase of 5mm in
arch height increased the inclination by 0.75% in the vertical axis.

DATE NSF | OSF | NSR | OSR

15/01/2007 166634 1.25%vertical 1.25%vertical

108 106 92 94 Tyre
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Pressures
2%horizontal 2%horizontal Arch
1020 | 1000 | 1005 990 ]
Height (mm)
Tyre
_ . 108 106 91 94
1.75%vertical 1.25%vertical Pressures
16/01/2007 166682 ] )
2%horizontal 2%horizontal Arch
1018 | 1000 | 1003 990 ]
Height(mm)
Tyre
_ . 108 106 90 94
1.75%vertical 1.25%vertical Pressures
17/01/2007 166733 ) )
2%horizontal 2%horizontal Arch
1018 | 1000 | 1003 991 ]
Height(mm)
Tyre
] . 110 104 88 94
1.25%vertical 1.25%vertical Pressures
18/01/2007 166781 ) ]
2%horizontal 2%horizontal Arch
1021 | 1000 | 1007 990 ]
Height(mm)
Tyre
] . 110 104 90 94
1.25%vertical 1.25%vertical Pressures
22/01/2007 166877 ] )
2%horizontal 2%horizontal Arch
1019 996 1007 988 ]
Height(mm)
Tyre
] . 110 104 90 94
1.25%vertical 1.25%vertical Pressures
24/01/2007 166950 ) )
2%horizontal 2%horizontal Arch
1018 995 1006 990 ]
Height(mm)
Tyre
] . 110 104 90 94
1.25%vertical 1.25%vertical Pressures
25/01/2007 167022 ) ]
2%horizontal 2%horizontal Arch
1018 995 1006 990 ]
Height(mm)
Tyre
] ) 110 104 90 94
1.25%vertical 0.5%vertical Pressures
26/01/2007 116072 ) )
2%horizontal 2%horizontal Arch
1018 | 1000 | 1005 995 )
Height(mm)

The results show that vehicle headlight inclination is affected during in-service use on
these two vehicles. Whilst it is recognised that the validity of the trial does not reflect the
national fleet. Travel West Midlands conducted a trial over a three month period to
demonstrate the effect of suspension changes from pre- test to statutory test. 128
vehicles were presented with headlamp aim correctly set at the mid-point using VOSA
trained staff and VOSA / manufacturers procedures with Tier 1 specification equipment
and over 44% of headlamp aim tests failed and were found to be in a different position
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that when originally set. Various states were recorded with the inclination change being
greater than 1.0% on all the failed vehicles.

Further supporting documentation by Dennis Specialist Vehicles identified that vehicles
are increasingly being fitted with air suspension systems that operate from an analogue
levelling valve. Typical examples from Dennis Specialist Vehicles fitted with a Knorr
Bremse levelling valve indicate that a 9 mm difference in chassis to axle relationship
could occur before the levelling valve compensate for the change in attitude. A levelling
valve with a 180mm effective valve arm length fitted to a vehicle with a 4.0m wheelbase
can affect headlamp aim by approximately 0.225%.

Headlamp Aim Trial Analysis (May, June and July 2006)

Vehicle Details

Fleet West Dist to
Numbe | Registration | Location Vehicle Type Brom | Fth'stn Test
r DP (Miles)
SCANIA CN94 OMNICITY
6023 BX54DND PB ARTIC v 0 14
4504 BJO3EXP PB VOLVO B7 WRIGHTS GEMINI v 0 14
1461 R461XDA PB VOLVO B10 v 0 14
1409 P409EJW PB VOLVO B10 0 v 20
4044 V544MOA PB VOLVO B7TL 0 v 20
4509 BU53UMF PB VOLVO B7 WRIGHTS GEMINI 0 v 20
3128 N128YRW PB VOLVO OLYMPIAN v 0 14
0647 S647VOA WA VOLVO B6LE v 0 8
0571 R571XDA WA VOLVO B6LE v 0 8
4045 V45MOA WA VOLVO B7TL v 0 8
4139 Y733TOH WA DENNIS TRIDENT 2 v 0 8
0652 S652V0OA WA VOLVO B6LE v 0 8
1511 P511KOX WA VOLVO B10L GAS BUS 0 v 12
3089 F89XOF WN METROBUS MKIIA v 0 11
4540 BL53EDR WN DENNIS TRIDENT 2 v 0 11
4544 BL53EEA WN DENNIS TRIDENT 2 v 0 11
4537 BL53EDK WN DENNIS TRIDENT 2 v 0 11
0708 S708YOL WN OPTARE EXCEL 0 v 6
4178 Y781TOH WN DENNIS TRIDENT 2 v 0 11
4538 BL53EDO WN DENNIS TRIDENT 2 v 0 11
0688 S688YOL WN OPTARE EXCEL v 0 11
1528 R128X0OB WB MERCEDES 0405N v 0 0
4055 V455MOA WA VOLVO B7TL v 0 8
4589 BUO4BLK WN DENNIS TRIDENT 2 v 0 11
4171 Y771TOH WN DENNIS TRIDENT 2 v 11
1605 R165X0OB CVv MERCEDES 0405N v 22
4055 V455MOA WA VOLVO B7TL v 8
SCANIA CN94 OMNICITY
6032 BX54DOH PB ARTIC v 14
4279 BU51RXD PB VOLVO B7 ALX400 v 14
4590 BUO4BLN WN DENNIS TRIDENT 2 v 11
3070 F70XOF PB METROBUS MKIIA v 14
686 S686YOL WN OPTARE EXCEL v 11
4511 BU53UMH PB VOLVO B7 WRIGHTS GEMINI v 14

VOSA — June 2008



\NIOSN 4

Vehicle & Operator Services Agency

2985 E985VUK PB METROBUS MKIIA v 14
4548 BL53EEH WN DENNIS TRIDENT 2 v 11
4546 BL53EEF WN DENNIS TRIDENT 2 v 11
2998 F998XOE PB METROBUS MKIIA v 14
4512 BU53UMJ PB VOLVO B7 WRIGHTS GEMINI v 14
4047 V47TMOA WA VOLVO B7TL v 9
4284 BUS1RXM PB VOLVO B7 ALX400 v 14
1464 R464XDA PB VOLVO B10 v 14
1412 P412EJW AG VOLVO B10 v 10
648 S468VOA WA VOLVO B6LE v 12
693 S693YOL WN OPTARE EXCEL v 11
4553 BL53EEP WN DENNIS TRIDENT 2 v 11
1468 R468XDA WA VOLVO B10 v 11
2977 E977VUK PB METROBUS MKIIA v 14
4510 BU53UMG PB VOLVO B7 WRIGHTS GEMINI v 14
4595 BUO4BMZ WN DENNIS TRIDENT 2 v 11
2765 A765WVP CcVv METROBUS MKIIA v 22
692 S692YOL WN OPTARE EXCEL v 11
687 S687YOL WN OPTARE EXCEL v 11
4547 BUS3EEG PB VOLVO B7 WRIGHTS GEMINI v 14
4549 BL53EEJ WN DENNIS TRIDENT 2 v 11
4293 BUS1RXX WB VOLVO B7 ALX400 v 0
687 S687YOL WN OPTARE EXCEL v 11
4553 BL53EEP WN DENNIS TRIDENT 2 v 11
Summary of Type of Vehicles and Fail statistics
% of
Hinged Total % of % of Veh
Panel Pres Total Failed Type
SCANIA CN94 OMNICITY Artic 2 v 3 2.3% 5.3% 66.7%
VOLVO B7 WRIGHTS
GEMINI DD 6 v 13 10.2% 22.8% 46.2%
VOLVO OLYPIAN DD 1 X 2 1.6% 3.5% 50.0%
VOLVO B10 SD 5 X 9 7.0% 15.8% 55.6%
VOLVO B7TL DD 5 X 8 6.3% 14.0% 62.5%
VOLVO B6LE SD 4 X 15 11.7% 26.3% 26.7%
DENNIS TRIDENT 2 DD 15 X 23 18.0% 40.4% 65.2%
METROBUS MKIIA DD 6 X 19 14.8% 33.3% 31.6%
VOLVO B10L GAS BUS SD 1 X 2 1.6% 3.5% 50.0%
OPTARE EXCEL SD 7 X 11 8.6% 19.3% 63.6%
MERCEDES 0405N SD 2 X 13 10.2% 22.8% 15.4%
VOLVO B7 ALX400 SD 3 X 10 7.8% 17.5% 30.0%
57 128

Style of vehicles presented (Single deck, Double deck or articulated)

SD 22
DD 33
Artic 2

Average distance travelled to GVTS
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| AVKM | 11.84 |

Vehicle original Location Point

% of % of % of
Depot Pres pres Fail depot total
PB 32 25.0% 19 59.4% 33.3%
WA 32 25.0% 11 34.4% 19.3%
WB 24 18.8% 2 6.3% 3.5%
WN 39 30.5% 22 68.8% 38.6%
AG 1 0.8% 1 3.1% 1.8%
CV 3 2.3% 2 6.3% 3.5%
Final Results
Total Tested 128
Total Failed 57
% 44.53%

16 Failures - Vehicle Type

VOLVO VOLVO B10 VOLVOBT7TL VOLVO B6LE DENNIS  METROBUS VOLVOB10L OPTARE MERCEDES VOLVOB7
MKIIA GAS BUS EXCEL 0405N ALX400

SCANIA VOLVO B7
CN94 WRIGHTS OLYPIAN TRIDENT 2
OMNICITY GEMINI

Headlamp Aim - 50 -
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Failures - Vehicle Type
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4.9.3 Conclusions

e Although variances were noted in both vehicles, the headlamp
alignment remained within the legal limit at all but one occasion.

e Changes in air suspension height resulted in variations of headlamp
aim.

e Headlamp aim set onto the limit could become out of compliance due
to changes of suspension height.

e A 5mm increase in corner suspension height corresponded to an
increase in headlamp inclination of 0.75% and changes in vehicle
attitude due to suspension conditions can affect headlamp aim.

e A typical PSV suspension level valve is not electronically calibrated.
The setting and adjustment of these valves is usually due to the
adjustment of pivot arm length and this is often set in workshops by a
visual assessment.

e Setting headlamps on either of the extremes could cause headlamp
alignment to fail the test.

4.100ther Issues Affecting Headlamp Aim

4.10.1 Rails and Floors

The 2004 TSPS report into Headlamp Aim was critical of VOSA’s headlamp testing
equipment, including floors and standing areas. The report highlighted that VOSA
equipment which was found to be damaged or worn, floors which were uneven and
breaking up and rails which were worn and uneven. Evidence was produced which
supported the claims and indicated that vehicles with serviceable headlamps could
arrive at a VOSA site for annual test, fail and then have its headlamps adjusted out of
alignment so to gain a pass certificate.

In an attempt to benchmark the 2004 report, it was decided to carry out a survey to gain
an insight into the condition of the estate. The 2004 report action plan states that all
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sites should attain Tier 1 approval standards (floors +-6mm within any 3m, rails +-2mm
to floor surface).

VOSA procured new equipment that was installed in 2005 and early 2006. The new
equipment was as a result of the 2004 recommendations and was able to cope with
complex headlamp designs and was of sufficient robust construction, built to Garage
Equipment Association 2005 specification for headlamp aim testing. Upon installation
floors rails were renewed where necessary and floor levels were assessed for
compliance with Tier 1 specification.

Calibration tests are conducted every 6 months in accordance with VOSA Operations
Manual (Equipment, Use and Maintenance) and all sites record details of those lanes
outside the calibration standards.

Sites for survey were chosen due to comments received about the condition of
headlamp rails and floors and were the worst case scenario sites. All other VOSA sites
recorded no floor level or rail level deficiencies in their 6 monthly equipment review.

The sites chosen were Royston and Bicester. A further check at Kidderminster test
station was carried out to find if the recent refurbishment work had addressed the
issues of 2004.

The survey was carried out by independent contractors specialising in the use of
levelling gauges within an accuracy of 0.5mm. Rails were surveyed at 200mm intervals
across their length and the floors were surveyed at 500mm intervals along a track
corresponding to the wheelbase of the average vehicle, along an 11 metre length. At
Kidderminster a full survey of the floor was carried out, at 500mm intervals bisecting a
grid 11m by 4 metres. The equipment used was an Engineers level, accurate to 0.5mm
and a surveyors post. Two passes of each surface was carried out, taken against
different datum points.

The survey found that at Royston, the floor was outside the Tier 1 specification and the
rails were within. The survey found at Bicester that the rails were outside the
specification but the floors were within. For Kidderminster rails vary by 8mm low to high
and on the floor on the 3™ row up last level 9.809 their is a 13mm difference to level
9.822, 3 metres to the left. This indicates that the maximum floor uneven point was not
where vehicle wheels remained during headlamp aim condition checks.

The floor specification in the past had to deal with a wider variety of vehicles; today’s
more homogenised products afford the opportunity to revisit the standard to cover the
majority of vehicles and update the specification to ISO, BS 8204 or GB’s The Concrete
Society’s FM1 or FM2 standard. Most important for this headlamp tester is the need for
the head unit to be parallel with the floor to enable this, these floors needs to be flat and
level; or the floor needs to be flat with a continuous slope or rise that continues to the
rails. Therefore the rails need to be surveyed in context with the floor. The use of the
VOSA Floor Checker Designed by LET is necessary to check the in service
specification.

The maximum deviation recorded was at individual points on the rails survey was 5mm
The maximum deviation recorded at individual points on the floor survey was 13mm.

The rail variation has the effect on the following samples:
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5m wheel base vehicle = Inverse tan 5/5000 = 0.057° inclination or 0.1%
10m wheel base vehicle = inverse tan 5/10000 = 0.029° inclination or 0.05%
15m wheel base = inverse tan 10/15000 = 0.019° inclination or 0.066%

The floor variation has the effect on the following samples:

5m wheel base vehicle = inverse tan 13/5000 = 0.15° inclination or 0.26%
10m wheel base vehicle = inverse tan 13/10000 = 0.74° inclination or 0.13%
15m wheel base vehicle = inverse tan 13/15000 = 0.50° inclination or 0.086%

A series of comparative checks were carried out using a 2 axle, 3 axles and 4 axles
rigid and a 2 axle and 3 axle artic units. The range of vehicles was used to check for
any differences over the full area of the floor surface. Comparing vehicles between
Lane 1 and Lane 2 at Royston, there was no visual difference between the image
positions.

4.10.1.1Conclusion

e VOSA continues to review all test stations to confirm full compliance
and to understand if the floor is flat to the headlamp rails

e That advice be sort to confirm our standard is suitable The concrete
Society, BS ISO and that the Tier 1 standard is suitable for today’s
vehicle fleet and the new style headlamp testers

e The calibration service providers carry out floor level calibration in
context with the rails.

4.10.2 Incorrect Floor Markings

During the study at some locations it was reported that the equipment to vehicle
proximity markings were incorrect. Floor markings used to position the front of the
vehicle relative to the PLA 20 beam setter are still calibrated for the previous VOSA
devices. During a meeting with LET representatives (26™ November 2006) it was
emphasised to the VOSA team that the distance between the headlamp and the PLA
20 collector head was crucial to the successful use of the product.

VOSA Memo 20/06 addresses this issue in so far as the correct vehicle positioning is
300 to 600 mm and testers are advised to use the 600mm line for beam aim checks
This line equates directly to the 24 inch line currently in use therefore tests are
conducted within the manufacturers specification.

4.10.2.1Conclusions
e The floor markings are reconfigured to 300-600 mm.

4.10.3 Types of Vehicle under Test

4.10.3.1Effect of Cab Mounted Headlamps upon Headlamp Aim

Vehicles with cab mounted headlamps can cause concerns as demonstrated in
Appendix 3. The cab had a severe lean towards the nearside front corner and it
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appeared that this was caused by a combination of uneven loading and the effect of
ineffective cab suspension. The headlamps are mounted into the front grille of the
vehicle and thus mounted on the cab (independent of chassis) this lean affected the
headlamp alignment.

The headlamps were tested and It was noted that the position of the image went up by
a full 1.5 % on the offside lamp when the driver alighted the cab. The effect of the
passenger being in or out of the cab had no influence in the position of the nearside
headlamp image (this could be because the cab was resting on the bump stops on the
nearside).

It is important that presenters adhere to the guidance issued by the manufacturers and
in the VOSA Inspection Manual. Should presenters not have access to headlamp aim
equipment VOSA provides a free leaflet to give further guidance and presenters can
purchase a copy of the video ‘Headlamp Aim for HGV’s and PSV’s’

Both are available from www.vosa.gov.uk

Vertical inclination is critical given the standards vehicles need to attain and correct
procedures for headlamp alignment checks prior to the test must be followed

In this example it also proved difficult to align the equipment up squarely to the
longitudinal axis due to the slant on the cab. This was achieved finally by alignment with
the bumper bar, which was also not truly straight but the best available. Given the in-
service test presenters are encouraged to present vehicles in a laden condition to
obtain meaningful brake testing values. Following the correct headlamp aim setting
procedures cannot be relied upon to give confidence in consistent testing based upon
the current vertical tolerance zone.

4.10.3.2Vehicle Loading Conditions

Loading conditions are guided by type approval specification when initial aiming is set.
Annex 5 of ECE 49 states the loading to be taken into consideration in determining
variations in the vertical orientation of the dipped beam headlamps. Vehicles in
Category ‘N’ with and without load surfaces are described.

Annex 6 of this legislation also describes the measurement of the variation of dipped
beam as a function of the load and specifies the variations in measurement for a motor
vehicle dipped beam inclination in relation to its initial aiming, caused by changes to the
vehicle attitude during loading.

Single measurements for Category ‘N’ vehicles under each loading condition are taken
under strict laboratory conditions and the requirements are met if for all loading
conditions is within the calculated limits within a safety margin of 0.4%

4.10.3.3Conclusions

e Cab mounted headlamps on vehicles can affect headlamp aim
repeatability

e Air suspension systems on vehicles can affect headlamp aim
repeatability.

¢ Vehicle loading conditions can affect headlamp aim repeatability.
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4.11The Use of the In-Cab Headlamp Adjuster to Pass Annual Test

The headlamp adjuster can be set in any position by the driver to achieve a pass. This
is not the same standard as the class IV which is ‘test as presented or adjust to 0’. The
current danger is that the pass could be given when the adjuster is set in the lowest
position and if moved would move the headlamp aim by 2%:°. i.e. 2% above the upper
limit leading to a definite dazzle/glare level.

4.11.1 Conclusions

e The original reason for this method of inspection be re-validated
¢ If no revalidation can be agreed that the class IV standard of test as
presented or adjustto 0

4.12Understanding the Effects of Badly Adjusted Headlamps

Two vehicles, a VOSA truck and a car were parked facing each other 25m apart and
1m either side of a centre line. The truck headlamps were adjusted 0.5% below zero
vertical and zero on the horizontal. The off side headlamp horizontal adjuster was
adjusted fully to the right (5%) no dazzle was noted. The vertical adjuster was then
moved until dazzle was noted then measured (2.25%), the dazzle came from the whole
face of the lamp. The near side headlamp was adjusted for vertical movement and a
positive height of 3% caused dazzle from the upper right hand part of the lamp. It
should be noted that when the car was moved back the level the headlamp had to be
moved above the horizontal reduced indicating that dazzle occurs from a long way off
and grows in intensity as the vehicles move closer until they are very close when the
dazzle stops.

If the in-cab adjuster was set on the lowest position and headlamps correctly adjusted
to the highest position; when the adjuster was then turned to the neutral position dazzle
would occur.

The in-cab adjuster moved the beam by 12m from 40m to 52m (without laboratory
conditions it is very hard to obtain an accurate figure)

The stopping distance of truck with EBS and Disc Brakes is 59m see Appendix 9 the
current lower test levels offer a good compromise with adequate visibility.

4.12.1 Conclusions

e Drivers using headlamp aim adjusters could inadvertently cause
dazzle and glare if the adjusters had been badly adjusted initially

4.13Level of Training in the Industry

During meetings with staff and others we noted a poor level of headlamp aim training,
most training received has been informal, unstructured and lacking in a theoretical
base, this might account for the very poor understanding of headlamp aim generally in
the trade.
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4.13.1 Conclusions

e Work with industry training providers to improve training in headlamp
aim

e Work with IRTE and IMI with their CPD programmes to feature
headlamp aim

4.14Changes or deletion of the Category Descriptors
Currently the statement reads:
Category A vehicles are any Vehicles not covered by category B

Category B vehicles are 2 or 3 axle rigid vehicles with a wheelbase of 5m or less
( measured to centre line of the bogie) and all 2 or 3 axle tractor units in either case not
fitted with self levelling rear suspension, headlamps or a driver’s headlamp control.

Since 1998 ECE Regulation 48 requires the compensation of vehicle inclination caused
by different loading conditions. The purpose of the regulation is on one hand to avoid
glaring of oncoming traffic and on the other hand to ensure an optimum range of road
illumination. The requirement for headlamp aim adjusters for halogen and xenon
headlamps differ, however statistics show that 88.5% of vehicles presented for test
(2005/06 VOSA Effectiveness Report) are fitted with adjusters and thus would fall within
Category ‘A’ consequently the removal of the Category descriptors falls in line with
simplifying the annual test procedures with almost all of vehicles presented for annual
test.

4.14.1 Conclusions

e Having two categories is an unnecessary complication that is a barrier
to achieving a consistent test result and therefore should be removed.

4.15Changes to the LET PLA20 User Manual and Unit

The manual needs to be adjusted to clarify some aspects which are confusing:
o Page 13 of 21 add — “centre of” before the word headlight
o An overlay should indicate the adjuster knob position limit for Cat “A”
or Cat “B”
. Page 12 of 21 the Cat “A” “B” definition is incorrect

4.16 Cost of Compliance

Tesco were very happy to supply VOSA with information. The current cost for
adjustment is a function of time, Tesco currently invest 0.2hours every 5 weeks, they
want to do this and believe their public image is vital and keeping their trucks and rolling
stock in good order is vital and component part of this image.

Internal External
Hourly Rate £24.00 £42.00
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Time Taken 0.2 0.2
Cost per event £4.80 £8.40
Event per year 11 11

Cost per Unit per year £52.80 £92.40

This is the cost per vehicle for a well maintained fleet and should not be construed as
the cost for GB’s whole fleet it is the worst case scenario. The cost could be as low as
one event per year i.e. just before annual test.

Internal External
Hourly Rate £24.00 £70.00
Time Taken 0.2 0.2
Cost per event £4.80 £14.00
Event per year 1 1
Cost per Unit per year £4.80 £14.00

The external hourly rate reflects the cost at a franchised dealer.

Similarly Travel West Midlands, part of the Stagecoach Group were happy to supply
information of their estimated cost of compliance and their figure was stated as
£19,344.58 per annum. This is based upon 1500 vehicles and includes 2 events per
annum and a voluntary headlamp test to ensure full compliance at annual test.

Cumulative costs to G.B. PLC are assessed at around £7 million based upon 500,000
vehicles tested per year (HGV and PSV) and excluding VOSA and notional costs.

Estimated savings based upon 450,000 vehicles (HGV) presented for annual test per
annum. 23% (HGV) current fail rate used as a benchmark figure with 4500 vehicles fall
and are re tested for headlamp aim.

Estimated fail rate reduction based upon a 50 % reduction in the current level of fails for
left horizontal standard (10.97%) and a 50 % reduction in the current level of fails for
the lower vertical standard. (39.12%)
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5 Key Recommendations

e Relax the test standard by removal of the left 2% horizontal standard
Modern testing equipment is not capable of accurately assessing the location of the
break point in relation to the left 2% horizontal standard. In addition, ECE Regulation
48 and Road Vehicles Lighting Regulations 1989 do not state a left horizontal
standard.

e Removal of the Category ‘A’ and ‘B’ descriptors

The Category ‘A’ and ‘B’ descriptors cause confusion and in the light of modern
vehicles presented for test the allocation of different standards for these types of
vehicles has now become void.

e Simplify the test standard by applying the single category lower limits for
all vehicles.

Current lower standards for Category ‘A’ vehicles (for headlamps with centres lower

than 850mm) is 2% giving a tolerance zone of 0.5% to 2%.

The current visual method of assessment of headlamp aim is subjective to the

extent that when taking into account the visual interpretation and other variables the

test becomes un-repeatable and inconsistent.

(Bulb inaccuracy; Floor Rails; Floor standing area; Air suspension; Vehicle loading)

In order to solve these issues the lower limit for all vehicles (n<850mm) should be

3.25% and the lower limit for all vehicles (n>850mm) should be 4%. No changes to

VOSA equipment or current legislation/standards are required as these standards

are currently applied.

e Introduce Electronic Testing assessment

The current visual method of assessing headlamp aim is flawed to the extent that
inaccuracies exist with both the assessment of horizontal break point position and
the upper and lower vertical inclination.

The current visual interpretation of headlamp break point and vertical inclination is
flawed to the extent that significant inconsistencies exist between the individual
assessments resulting in high failure rate of headlamps that may have correct aim.
The current visual interpretation of headlamp aim has variables that affect mis aim
to the extent that there is a significantly greater risk of headlamp aim failure leading
to high fail rates despite operator compliance. (Cumulative 3.4%)

6 Other Recommendations
e Ensure that all VOSA floor markings comply with LET PLA 20 instructions

e A cost benefit analysis be conducted to consider the option of laser
alignment

LASER alignment increases the consistency and accuracy in the horizontal plane

when testing headlight aim. A cost benefit analysis should be considered as this

factor is dependent upon changes in the current left 2% horizontal standard. Should

this be removed then the need for LASER alignment becomes less.

e Consider the removal of the OCRS point weighting to headlamp aim fails
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until VOSA is satisfied that the current issued are addressed
The OCRS point weighting identifies those presenters who fail annual test for this
Inspection Item. Taking into account the suggestion to review the current standards
in the light of this report, it seems reasonable that during the period until full
compliance can be expected, given the variables, the OCRS point for headlamp aim
should be withdrawn until further notice. This is a temporary measure.

e A revised training package for VOSA staff identifying the new test
procedure

Currently VOSA have installed electronic test equipment and are not using the

electronic test facility. VOSA Memo 20/06 identified the procedures for current

testing and once the Inspection Manual has been changed to reflect the new test

standards a series of training packages should be devised to ensure full compliance.
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7 Appendix 1 Explanation of Statistical Calculations

To support that the analysis of the visual tests is reflective of a national trend, we use
standard deviation. So if we use the given values and calculate the standard deviation
for the visual method of assessment and the standard deviation for the electronic
assessment, the values give us a level of confidence in the data. If the standard
deviation figure is large then this indicates that the data values are far from the mean
value and similarly a small standard deviation indicates that they are clustered around
the mean in proportion to a national.

The chart below summarises the comparison between electronic assessment and
visual assessment and the values shown are cm/10m. Once these figures are
expressed as percentage as described in in-service testing the standard deviation for
the assessment of the up / down electronic assessment was 0.04% compared with the
standard deviation for the visual assessment that was 0.37%. This indicates that the
confidence value of the values recorded is high and would continue to remain valid
should a greater number of assessments be made in each test.

The column on the right side displays the results of the mean value of the visual up /
down tolerance zone and this was recorded as 1.58%.

The results demonstrate that with a confidence value of 99% we can predict that when
testers assess the up / down standard the values they would obtain values as low as
1.22% and values as high as 1.94% that are 0.36% above and below the mean value of
1.58%. So we can state with confidence that the visual error margin is at least 0.36%
for the up / down assessment.

Similarly we can use the data from this chart to demonstrate the electronic error margin
and with a confidence value of 99% we can predict that when the electronics assess the
up / down standard the values they would obtain values as low as 1.74% and values as
high as 1.98% that are 0.12% above and below the mean value of 1.86%. So we can
state with confidence that the electronic error margin is at least 0.12% for the up / down
assessment.

Electronic UD tol. Theoretical UD Visual UD tol.
[cm/10m] tol. [cm/10m] [ecm/10m]
Mean p: 18,6 15 15,8
standard deviation o: 0,4 3,7 1,2
p-30: 17,4 3,9 12,2
p+30: 19,8 26,1 19,4
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7 Appendix 2 Statistical Validity of the revised lower
standards

Headlamp aim alignment

This paper presents evidence for changing the current lower standard for headlamp aim
from 2.0 cm/10m to 3.25 cm/10m.

Introduction

Diagram of Standards

0% Horizontal Line

0.5% Upper Standard

v 2.0% Lower Standard

‘ 3.25% Requested Lower Standard

0% Vertical Line

Currently, headlamp aim must be set between the 0.5 cm/10m upper standard and the
2.0 cm/10m lower standard. The blue semi circle in the diagram shows the style of
pattern expected; the standard refers to the horizontal top line.

Presenters are advised to set their aim at the midpoint between the upper and lower
standard, i.e. at 0.5 + 0.75 = 1.25 cm/10m. However, there are a number of sources of
variability which mean that a correctly set headlamp aim often fails inspection. These
include:

e Presenter visual

Tester visual

Column torsion

Column linearity

Vehicle alignment

Suspension hysteresis

Rails and floor levels

Vehicle loading

Whilst replacement of headlamp bulbs and correct determination of headlamp centre-
point can also significantly affect aim, these are issues of accurate setting rather than
accurate measurement and as such are outside the scope of this argument.
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VOSA have suggested that the lower standard be changed to 3.25 cm/10m (the upper
standard would remain unchanged). If the ‘window’ was lowered to 3.25 cm/10m; the
midway point would then be 1.875 cm/10m.

Evidence

VOSA have carried out testing of 128 vehicles in which they set headlamp aim correctly
at the presenter’s garage and tested it again at their test stations. These tests implicitly
included all of the sources of variability listed above, except for vehicle loading which
was constant. A failure rate of 44.5% was observed, broken down as follows:

Fail — high 11.8%
Fail — low 17.4%
Fail — left/right 15.3%
Total failure rate | 44.5%

If we assume a normal distribution for the measurement error, then we can use these
failure rates to estimate its standard deviation (). From this we can estimate at which
point the lower standard would need to be set in order to ensure at the 95% confidence
level that a correctly set headlamp aim would pass inspection (i.e. that for every 100
correctly set headlamps, 95 would pass inspection).

Note although the ‘high’ and ‘low’ failure rates appear asymmetric, the asymmetry is
within the range attributable to chance and so does not give us grounds to reject the
normal distribution as a reasonable approximation (see box below).

e Assume the distribution is symmetric with a failure rate at either end equal to the
average of our observed rates, i.e. (11.8% +17.4%) / 2 = 14.6%.

e Then the probability of observing this degree of asymmetry (i.e. observing a failure
rate of 11.8% or 17.4% when the true rate is 14.6%) simply due to chance is 0.07,
i.e. greater than 0.05 and therefore within the 95% confidence limits.

The diagram below illustrates the distribution of measurements we would expect to
observe, using the information we have, given an actual, correct setting of 1.25
cm/10m.
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‘Likelihood' T

35.4% of cases

35.4% of cases

14.6% of cases 14.6% of cases

0.75

0.5 1.25 20 Measurement taken (x)

Actual setting (Xmean)

We can see that 85.4% of cases will be measured as within the lower standard of 2.0
cm/10m. In a normal distribution, a cumulative probability of 85.4% corresponds to a z-
score of 1.05.

A z-score is defined as z = (X — Xmean) / ©

Therefore our standard deviation, ¢
= (X - Xmean) lz
=(2.0-1.25)/1.05
=0.75/1.05
=0.71 cm/10m

In a normal distribution, the 95% confidence intervals are 1.96 x ¢ away from the mean
on either side, so in this case 1.96 x 0.71 = 1.40 cm/10m away from the mean.

In order to be 95% confident that a correctly set headlamp aim will pass inspection, we
need our upper and lower standards to correspond to our 95% confidence intervals, i.e.
to be 1.40 cm/10m away from the midpoint at which we recommend aim to be set.
Since we know the upper standard of 0.5cm/10m cannot change, this means:

i. that we must set our midpoint at 0.5 + 1.40 = 1.90 cm/10m and

ii. that our lower standard should be set at 1.90 + 1.40 = 3.30 cm/10m.

We can see therefore that VOSA’s request to change to lower standard to 3.25 cm/10m
is supported empirically. Note that in reality, vehicle loading can add an additional
source of variability to measurements (up to 0.4 cm/10m) so that VOSA'’s requested
standard can be considered conservative.

If we wanted to be 99% confident that a correctly set headlamp aim will pass inspection,

we would need to set the midpoint to 2.33 cm/10m and the lower standard to 4.16
cm/10m.
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Note on false passes

Note that as well as meaning a chance that a correctly set headlamp aim will fail
inspection, the sources of variability when measuring aim also mean that an incorrectly
set headlamp aim could sometimes pass inspection. Assuming we set the lower
standard at 3.30 cm/10m and that the distribution of measurement error observed
above for a correctly set aim holds for an incorrectly set one, the table below shows the
probability that a headlamp set at increasingly incorrect levels would still pass
inspection.

Actual setting | Probability of passing inspection
(cm/10m)
3.3 49.6%
3.4 44.0%
3.5 38.5%
3.6 33.3%
3.7 28.4%
3.8 23.8%
3.9 19.7%
4.0 16.0%
4.1 12.9%
4.2 10.1%
4.3 7.9%
4.4 6.0%
4.5 4.5%
4.6 3.3%
4.7 2.4%
4.8 1.7%
4.9 1.2%
5.0 0.8%

Prepared by In House Analytical Consultancy (Department for Transport) — Ad hoc
support for VOSA
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7. Appendix 3 Bibliography and Extracts

Vehicle lighting plays a crucial role in preventing accidents and therefore falls within the
general description of primary safety (defined as “all factors which as far as possible
reduce the risk of an accident occurring”). Headlamps illuminate the road ahead
allowing the driver to identify his path and any obstacles upon it. But poorly adjusted or
over powerful lights can cause glare for oncoming drivers and reduce vision
significantly. Other lights, such as rear fog lamps and direction indicators, identify the
vehicle position or the driver’s intentions.

Source Vehicle Standards and Engineering Research Compendium of Research
Projects 2000

VOSA is not progressing research into headlamp aim as promised

CPT
VOSA Response
We are progressing with ways to improve the fail rate due to misaligned headlamps. We
have published a new leaflet on the subject together with a video. We have also
reviewed and re-launched our policy on the rectification of defects that was intended to
assist those operators and presenters with vehicles with headlamps out of adjustment.
Fail rates are coming down but not by as much as we would like. We are about to work
with a large PSV operator to see what the cause of his high headlamp aim fail rate is.
But in the past we have found that where a vehicle fails the standards set, it is due to
the alignment of one lamp. In addition, we have conducted an extensive amount of
research into whether the high fail rate was due to excessively tight standards. The
results of that work showed that the fail rate would only drop by between 1 and 2% if
the lower limits were relaxed.

Source EXPLANATORY MEMORANDUM THE GOODS VEHICLES (LICENSING OF
OPERATORS) (FEES) (AMENDMENT) REGULATIONS 2005 2005 No. 2345 THE
PUBLIC SERVICE VEHICLES (OPERATORS’ LICENCES) (FEES) (AMENDMENT)
REGULATIONS 2005 2005 No. 2346 THE COMMUNITY BUS (AMENDMENT)
REGULATIONS 2005 2005 No. 2353 THE MINIBUS AND OTHER SECTION 19
PERMIT BUSES (AMENDMENT) REGULATIONS 2005 2005 No. 2354 THE PUBLIC
SERVICE VEHICLES (REGISTRATION OF LOCAL SERVICES) (AMENDMENT)
(ENGLAND AND WALES) REGULATIONS 2005 2005 No. 2355

The University of Michigan Transportation Research Institute, Ann Arbor, Michigan,
USA, sivak@umich.edu
MJ Flannagan, PhD B Schoettle Y Nakata, Beng M Sivak, PhD

This study measured direct and rearview-mirror glare illuminances produced by low-
beam headlamps in a sample of 22 passenger vehicles. The glare illuminances were
measured for 12 common glare situations that were defined by a full factorial
combination of three scenarios (oncoming driver, center rearview mirror of a preceding
driver, or driver-side mirror of a preceding driver one lane to the right), two longitudinal
distances (25 m or 50 m), and two vertical locations (illuminated vehicle being either a
car or a light truck/van/sport utility vehicle). The measurements were made outdoors at
night on asphalt pavement. The median illuminances (not taking into account window
transmittance or mirror reflectance) ranged from 0.5 lux for an oncoming driver of a light
truck/van/sport utility vehicle at a distance of 50 m, to 3.4 lux at the driver-side mirror of
a preceding car at 25 m one lane to the right. The ratios of the maxima and the minima
measured for each of the 12 glare situations were large, ranging from about 5:1 to 36:1.
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The median actual illuminances were compared to the median expected illuminances
based on a recent, laboratory-measured, representative sample of US low-beam
patterns, taking into account the possible effects of dirt, voltage, misaim, and pavement
reflectance. This analysis indicates that the actual illuminances could be very well
odelled using the laboratory-measured beam patterns and assuming a linear
relationship between the light output of clean and dirty headlamps. Additional analyses
evaluated the relationships between headlamp mounting height and glare illuminance.

http://Irt.sagepub.com/cgi/content/abstract/34/2/101

S095D/VD Primary safety new car assessment programme (PNCAP)

Objective laboratory tests, similar to those required by legislation, will be used to
measure lighting Lighting intensity, glare and function conflict will be examined. These
results will be compared with measurements from tests using volunteers. Ability to
identify objects at the side of the road whilst facing glare from an oncoming vehicle will
help to formulate an “ideal” beam pattern. This work package is in progress.

TRL Report PR/SE/358/01. Unpublished

Technical Information Lighting — Headlamps Hella

Vehicle safety research compendium 1998 VSE

Vehicle standards and engineering research compendium 2000 VSE
Vehicle standards and engineering research compendium 2001/2002 VSE
Compendium of Research Projects 2002/2003 VSE

Road Safety Research Compendium of Research Projects 2004/2005 DfT

Countermeasures for Reducing the Effects of Headlight Glare The AAA Foundation for
Traffic Safety

Glare from Headlamps and Other Front Mounted Lamps AAMVA

830567 Motor Vehicle Forward Lighting SAE

ELECTRONIC HEADLAMP ALIGNMENT SYSTEM SYMTECH US (LET)

How To Aim Headlamps and Auxiliary Lamps Daniel Stern Lighting

Vehicle Lighting: Headlamp glare and driver vision Summary Report
Prepared for: The Department of the Environment, Transport and the Regions (DETR)
Andrew Shearlaw Dean Southall Jan 2001

Night-time accidents Report to The AA Motoring Trust and Rees Jeffreys Road Fund

Road Casualties Great Britain 2005 — Annual Report — Department for Transport —
National Statistics
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AA Automobile Association Trust

CPD Continuing Professional Development

CPT Confederation of Passenger Transport

DP Designated Premises

DVD Digital (Video/Versatile) Disc

DVO Driver Vehicle & Operator Policy Unit

EBS Electronic Braking System

EC European Community

EPC Electronic Positioning Check

FTA Freight Transport Association

GV Goods Vehicle

H1,H4, H7 Halogen Bulb

HGVTS Heavy Goods Vehicle Test Station

HID High Intensity Discharge

IM Inspection Manual

IMI Institute of the Motor Industry

INOPS Inoperative

IRTE Institute of the Road transport
Engineers

KIT Continuous Improvement Team

KPI Key Performance Indicator

LED Light Emitting Diodes

LET Laboratory for Optical and Electro-
Optical Systems

MOT MOT Computerisation

COMP

NSF Near Side Front

NSR Near Side Rear

OCRS Operator Compliance Risk Score

Ol Operating Instructions

OSF Off Side Front

OSR Off Side Rear

PNCAP Primary New Car Assessment
Programme

PR Public Relations

PRS Pass Rectified at Station

PTO Professional technical Officer

PV Passenger Vehicle

R&D Research and Development

RFF Reason for Failure

RHA Road Haulage Association

RSO Regional Standards Officer

RTA Road Traffic Accidents

SMMT Society of Motor Manufacturers and
Traders
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T&S Travel and Subsistence

Tl Testing and Inspection

TRL Transport Research Laboratory

TSPS Testing Standards Policy and Strategy

TTS Testing and Technical Standards
Division of DfT

VCA Vehicle Certification Agency

VEM Value for Money

VOSA Vehicle and Operator Services Agency
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7 Appendix 5 Volvo With Cab Lean

Headlamp Aim - 69 -
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7 Appendix 6 Headlamp Bulbs VOSA Study

(Photographs available as a separate file)
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7 Appendix 7 Alignment Trials Results

Laser Scan
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